JULY  2000 
VOLUME  45 


NUMBER  7 

ISSN   0020-1324-RECACP 


A  MONTHLY  SCIENCE  JOURNAL 
44TH  YEAR— ESTABLISHED  1956 


4f 


EDITORIALS 


46th  International  Respiratory  Congress 
October  7-10  •  Cincinnati,  Ohio 


% 


%■% 

V 


% 


Bronchodilation  in  Mechanically  Ventilated  Patients 


ORIGINAL  CONTRIBUTIONS 

Bronchodilator  Therapy  with  Metered-Dose  Inhaler 
and  Spacer  versus  Nebulizer  in  Mechanically 
Ventilated  Patients 


THE  NEW  HORIZONS  SYMPOSIUM  PAPERS 

Foreword:  The  Pharmacology  of 
Inhaled  Aerosol  Drug  Therapy 

Pharmacokinetics  and  Pharmacodynamics  of 
Drugs  Administered  by  Aerosol 

Inhalable  Drugs  for  Systemic  Therapy 

Inhaled  Antimicrobial  Therapy 

Inhaled  Corticosteroids 

Inhaled  Adrenergic  Bronchodilators 

Inhaled  Anticholinergic  Therapy 

Mucoactive  Aerosol  Therapy 

Aerosol  Device  Selection 


>tn  C"rosU(; 


Introducing  the  low-volume  surfactant, 

Curosurf  has  established  itself  as  the  #1  selling  surfactant  in  Europe1 
and  has  saved  thousands  of  infants  born  with  RDS  since  1992. 
Now,  it's  available  in  the  United  States. 

Curosurf  permits  you  to  reduce  the  volume  of  administration  37% 
(initial  dose)  and  68%  (repeat  dose)  compared  to  Survanta®  (beractant) 
and  12%  (initial  dose)  and  55%  (repeat  dose)  compared  to  Infasurf® 
(calfactant).* 

Curosurf  permits  fewer  dosing  positions  and  a  longer  interval  between 
doses  (12  hours)  than  the  market  leader.2*  For  administration,  brief 
disconnection  of  the  endotracheal  tube  from  the  ventilator  is  required. 

Infants  receiving  Curosurf  should  receive  frequent  clinical  and  laboratory 
assessments  so  that  oxygen  and  ventilator  support  can  be  modified  to 
respond  to  respiratory  changes. 

Transient  adverse  effects  seen  with  the  administration  of  Curosurf 
include  bradycardia,  hypotension,  endotracheal  tube  blockage,  and 
oxygen  desatu ration. 

Curosurf  is  conveniently  available  in  two  vial  sizes  (1 .5  mL  and  3.0  mL). 

We'd  like  to  share  the  whole  clinical  story  with  you.  Please  call  us 
at  800-755-5560  or  visit  us  at  our  Web  site  www.deyinc.com 

♦Clinical  studies  have  not  evaluated  if  low  volume  or  convenience 
features  result  in  superior  safety  or  efficacy  on  clinically  relevant 
endpoints. 
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49502-180-01  Curosurf 

49502-180-03  Curosurf 

CUROSURF8 

(poractant  alfa) 

INTRATRACHEAL  SUSPENSION 

Brief  Summary:  Please  see  full  package  insert  for  full  prescribing  information. 

INDICATION  AND  USAGE 

CUROSURF  is  indicated  for  the  treatment  (rescue)  of  Respiratory  Distress  Syndrome 
(RDS)  in  premature  infants.  CUROSURF  reduces  mortality  and  pneumothoraces 
associated  with  RDS. 

CLINICAL  STUDIES 

The  clinical  efficacy  of  CUROSURF  was  demonstrated  in  one  single-dose  study  (Study 
1)  and  one  multiple-dose  study  (Study  2)  in  the  treatment  of  established  neonatal  RDS 
involving  approximately  500  infants.  Each  study  was  randomized,  multicenter,  and  con- 
trolled. REFER  TO  PACKAGE  INSERT  FOR  STUDY  DESCRIPTION  RESULTS. 

ACUTE  CLINICAL  EFFECTS 

As  with  other  surfactants,  marked  improvements  in  oxygenation  may  occur  within 
minutes  of  the  administration  of  CUROSURF. 

WARNINGS 

CUROSURF  is  intended  for  intratracheal  use  only. 

THE  ADMINISTRATION  OF  EXOGENOUS  SURFACTANTS,  INCLUDING 
CUROSURF,  CAN  RAPIDLY  AFFECT  OXYGENATION  AND  LUNG  COMPLIANCE. 
Therefore,  infants  receiving  CUROSURF  should  receive  frequent  clinical  and  laborato- 
ry assessments  so  that  oxygen  and  ventilatory  support  can  be  modified  to  respond  to 
respiratory  changes.  CUROSURF  should  only  be  administered  by  those  trained  and 
experienced  in  the  care,  resuscitation,  and  stabilization  of  pre-term  infants. 

TRANSIENT  ADVERSE  EFFECTS  SEEN  WITH  THE  ADMINISTRATION  OF 
CUROSURF  INCLUDE  BRADYCARDIA,  HYPOTENSION,  ENDOTRACHEAL  TUBE 
BLOCKAGE,  AND  OXYGEN  DESATURATION.  These  events  require  stopping 
Curosurf  administration  and  taking  appropriate  measures  to  alleviate  the  condition. 
After  the  patient  is  stable,  dosing  may  proceed  with  appropriate  monitoring. 

PRECAUTIONS 
General 

Correction  of  acidosis,  hypotension,  anemia,  hypoglycemia,  and  hypothermia  is  rec- 
ommended prior  to  CUROSURF  administration. 

Surfactant  administration  can  be  expected  to  reduce  the  severity  of  RDS  but  will  not 
eliminate  the  mortality  and  morbidity  associated  with  other  complications  of  prematurity. 

Sufficient  information  is  not  available  on  the  effects  of  administering  initial  doses  of 
CUROSURF  other  than  2.5  mL/kg  (200  mg/kg),  subsequent  doses  other  than 
1.25  mL/kg  (100  mg/kg),  administration  of  more  than  three  total  doses,  dosing  more  fre- 
quently than  every  12  hours,  or  initiating  therapy  with  CUROSURF  more  than  15  hours 
after  diagnosing  RDS.  Adequate  data  are  not  available  on  the  use  of  CUROSURF  in 
conjunction  with  experimental  therapies  of  RDS,  e.g.,  high-frequency  ventilation. 

CARCINOGENESIS,  MUTAGENESIS,  IMPAIRMENT  OF  FERTILITY 

Studies  to  assess  potential  carcinogenic  and  reproductive  effects  of  CUROSURF,  or 
other  surfactants,  have  not  been  conducted. 

Mutagenicity  studies  of  CUROSURF,  which  included  the  Ames  test,  gene  mutation 
assay  in  Chinese  hamster  V79  cells,  chromosomal  aberration  assay  in  Chinese  ham- 
ster ovarian  cells,  unscheduled  DNA  synthesis  in  HELA  S3  cells,  and  in  vivo  mouse 
nuclear  test,  were  negative. 

ADVERSE  REACTIONS 

Transient  adverse  effects  seen  with  the  administration  of  CUROSURF  include  brady- 
cardia, hypotension,  endotracheal  tube  blockage,  and  oxygen  desaturation. 
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The  rates  of  common  complications  of  prematurity  observed  in  Study  1  are  shown 
below  in  Table  3. 


TABLE  3 

COMPLICATIONS  OF  PREMATURITY 

CUROSURF  2.5  mL/kg 

CONTROL* 

(200  mg/kg) 

n=66 

n=78 

% 

% 

Acquired  Pneumonia 

17 

21 

Acquired  Septicemia 

14 

18 

Bronchopulmonary 

18 

22 

Dysplasia 

Intracranial  Hemorrhage 

51 

64 

Patent  Ductus  Arteriosus 

60 

48 

Pneumothorax 

21 

36 

Pulmonary  Interstitial 

21 

38 

Emphysema 

'Control  patients  were  disconnected  from  the  ventilator  and  manually  ventilated  for  2 
minutes.  No  surfactant  was  instilled. 

Immunological  studies  have  not  demonstrated  differences  in  levels  of  surfactant-anrj- 
surfactant  immune  complexes  and  anti-CUROSURF  antibodies  between  patients 
treated  with  CUROSURF  and  patients  who  received  control  treatment. 

OVERDOSAGE 

There  have  been  no  reports  of  overdosage  following  the  administration  of  CUROSURF. 

In  the  event  of  accidental  overdosage,  and  only  if  there  are  clear  clinical  effects  on  the 
infant's  respiration,  ventilation,  or  oxygenation,  as  much  of  the  suspension  as  possible 
should  be  aspirated  and  the  infant  should  be  managed  with  supportive  treatment,  with 
particular  attention  to  fluid  and  electrolyte  balance. 

Dosing  Precautions 

Transient  episodes  of  bradycardia,  decreased  oxygen  saturation,  reflux  of  the  surfac- 
tant into  the  endotracheal  tube,  and  airway  obstruction  have  occurred  during  the  dos- 
ing procedure  of  CUROSURF.  These  events  require  interrupting  the  administration  of 
CUROSURF  and  taking  the  appropriate  measures  to  alleviate  the  condition.  After  sta- 
bilization, dosing  may  resume  with  appropriate  monitoring. 

HOW  SUPPLIED 

CUROSURF*  (poractant  alfa)  Intratracheal  Suspension  (NDC  Numbers:  49502- 
180-01  [1.5  mL];  49502-180-03  [3  mL])  is  available  in  sterile,  ready-to-use  rubber-stop- 
pered clear  glass  vials  containing  1 .5  mL  (120  mg  phospholipids)  or  3  mL  (240  mg 
phospholipids)  of  suspension.  One  vial  per  carton. 

Rx  only. 
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Manufactured  for  DEY  by 

Chiesi  Farmaceutjci,  S.pA 

26/A  Via  Palermo  &  96  Via  San  Leonardo 

Parma.  Itafy  43100 

03-572-00<BRS)  2/00 

1 .  IMS  Retail  and  Provider  Perspective  2/00.  2.  Refer  to  Survanta-  prescribing  ir 

Survanta*  is  a  registered  trademark  of  Ross  Products  Division.  Infasurf  is  a  registered  trademark  of 

Forest  Pharmaceuticais,  Inc. 

©2000  DEY* 
09-772-00  2/00 
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of  electrodiagnostic  expertise 
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sleep  diagnostics  to  introduce 
new  Sleepscan  II,  the  leading 
edge  in  Windows®-based 
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•  Fully  digital  amplifiers  create 
crystal  clear  signals. 

•  Expert  analysis  modules  let 
your  lab  customize  event 
scoring  and  editing. 

•  New,  patented  SmartPack™ 
data  compression  optimizes 
sampling  rates  and  file 
management. 

New  Sleepscan  II. 

The  overnight  success  story. 
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designs  fit  children  from  infant  to  toddler  and  older. 
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Abstracts 


Summaries  of  Pertinent  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  To  Note 

Non-Invasive  Ventilation  in  Acute  Hypoxemic  Respiratory  Failure — Miletin  MS,  Detsky  AS, 
Lapinsky  SE,  Mehta  S.  Intensive  Care  Med  2000  Feb;26(2):242-245. 

Biological  Effects  of  Hypercapnia — Laffey  JG.  Kavanagh  BP.  Intensive  Care  Med  2000  Jan: 
26(1):  133- 138. 

PRO:  Noninvasive  Ventilation  Has  Been  Shown  to  Be  Ineffective  in  Stable  COPD  (editori- 
al)—Hill  NS.  Am  J  Respir  Crit  Care  Med  2000  Mar;161(3  Pt  l):689-690;  discussion  691. 

CON:  Noninvasive  Ventilation  Has  Not  Been  Shown  to  Be  Ineffective  in  Stable  COPD 

(editorial)— Rossi  A.  Am  J  Respir  Crit  Care  Med  2000  Mar;  161(3  Pt  l):688-689. 

Cardiopulmonary  Resuscitation:  Strengthening  the  Links  in  the  Chain  of  Survival  (edito- 
rial)— Ewy  GA.  N  Engl  J  Med  2000  May  25;342(21):  1599-1601. 

Reversal  of  Intraoperative  Myocardial  Ischemia  with  a  Hemoglobin-Based  Oxygen  Carri- 
er—Niquille  M,  Touzet  M,  Leblanc  I,  Baron  JF.  Anesthesiology  2000  Mar;92(3):882-885. 

Successful  Use  of  Hypnosis  As  an  Adjunctive  Therapy  for  Weaning  from  Mechanical  Ven- 
tilation— Treggiari-Venzi  MM,  Suter  PM,  de  Tonnac  N,  Romand  JA.  Anesthesiology  2000 
Mar;92(3):890-892. 

How  Molecular  Epidemiology  Has  Changed  What  We  Know  about  Tuberculosis  (review) — 
Kato-Maeda  M,  Small  PM.  West  J  Med  2000  Apr;172(4):256-259. 

How  to  Treat  Influenza  and  Colds— Kim  MC,  Lee  NP.  West  J  Med  2000  Apr;172(4):260-264. 

Additional  Techniques  for  Managing  the  Difficult  Pediatric  Airway — Auden  SM.  Anesth 
Analg  2000  Apr;90(4):878-880. 

Removal  of  an  Aspirated  Prosthetic  Tooth  by  Tracheal  Backflow  Air — Fung  ST,  Poon  YY, 
Chong  ZK,  Jawan  B,  Lee  JH.  Anesth  Analg  2000  Apr;90(4):993-994. 

Current  Clinical  Options  for  the  Treatment  and  Management  of  Acute  Respiratory  Distress 
Syndrome  (review) — Bulger  EM,  Jurkovich  GJ.  Gentilello  LM,  Maier  RV.  J  Trauma  2000 
Mar;48(3):562-572. 


Evaluation  of  Tracheal  Intubation  Difficulty  in  Patients  with  Cervi- 
cal Spine  Immobilization:  Fiberoptic  (WuScope)  Versus  Conventional 
Laryngoscopy — Smith  CE,  Pinchak  AB,  Sidhu  TS,  Radesic  BP,  Pinchak 
AC,  Hagen  JF.  Anesthesiology  1999  Nov;91(5):1253-1259. 

BACKGROUND:  The  WuScope  is  a  rigid,  fiberoptic  laryngoscope  de- 
signed to  facilitate  tracheal  intubation  without  the  need  for  head  exten- 
sion. The  study  evaluated  the  WuScope  in  anesthetized  patients  with 
neck  immobilization.  METHODS:  Patients  were  randomized  to  one  of 
two  groups:  those  receiving  fiberoptic  laryngoscopy  (WuScope,  n  =  43) 
and  those  receiving  conventional  laryngoscopy  (Macintosh  blade,  n  = 
44).  Manual  in-line  stablization  of  the  cervical  spine  was  done  during 
intubation.  Seven  parameters  of  intubation  difficulty  were  measured  (pro- 
viding an  intubation  difficulty  scale  score):  number  of  operators,  number 
of  attempts,  number  of  techniques,  Cormack  view,  lifting  force,  laryngeal 


pressure,  and  vocal  cord  position.  RESULTS:  Successful  intubation  oc- 
curred in  95%  of  patients  in  the  fiberoptic  group  and  in  93%  of  patients 
in  the  conventional  group.  There  were  no  differences  in  number  of  at- 
tempts. In  the  fiberoptic  group.  79%  of  patients  had  an  intubation  diffi- 
culty scale  score  of  0,  representing  an  ideal  intubation:  that  is,  one  per- 
formed by  the  first  operator  on  the  first  attempt  using  the  first  technique 
with  full  glottic  visualization.  Only  18%  of  patients  in  the  conventional 
group  had  an  intubation  difficulty  scale  score  of  0  (p  <  0.001).  More 
patients  had  Cormack  grade  3  or  4  views  with  conventional  than  with 
fiberoptic  laryngoscopy  (39  vs.  2%,  p  <  0.001).  Intubation  times  in 
patients  with  one  attempt  were  slightly  longer  in  the  fiberoptic  (median. 
25th-75th  percentiles:  30, 23-53  s)  compared  with  the  conventional  group 
(24,  17-30  s,  p  <  0.05).  Corresponding  times  in  patients  requiring  >  one 
attempt  were  155  (range,  112-201)  s  and  141  (range,  95-186)  s  in  the 
fiberoptic  and  conventional  groups,  respectively  (p  value  not  significant). 
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CONCLUSIONS:  Compared  with  conventional  laryngoscopy,  tracheal 
intubation  using  the  fiberoptic  laryngoscope  was  associated  with  lower 
intubation  difficulty  scale  scores  and  better  views  of  the  laryngeal  aper- 
ture in  patients  with  cervical  imnmobilization.  However,  there  were  no 
differences  in  success  rates  or  number  of  intubation  attempts. 

Comparison  of  NAD  6000  and  Servo  900C  Ventilators  in  an  Infant 
Lung  Model — Stayer  SA,  Bent  ST,  Campos  CJ,  Skjonsby  BS,  Andro- 
poulos  DB.  Anesth  Analg  2000  Feb;90(2):3 15-321. 

We  compared  the  ability  of  the  NAD  6000  (North  American  Drager, 
Telford,  PA)  and  the  Servo  900C  (Siemens-Elema  AB,  Solna,  Sweden) 
anesthesia  ventilators  to  maintain  precise  delivery  of  small  tidal  volumes 
(VT)  and  positive  end-expiratory  pressure  using  an  infant  test  lung  model. 
A  variety  of  ventilator  and  lung  model  settings  were  selected  to  test 
clinical  conditions  simulating  normal  and  extremely  compromised  lung 
function.  Differences  in  ventilator  output  were  analyzed  by  using  an 
independent  t-test  with  p  <0.05  considered  significant.  With  the  venti- 
lators set  to  deliver  a  VT  of  30  mL,  the  actual  delivered  VT  was  signif- 
icantly better  for  the  NAD  6000  (25  ±  2  mL)  compared  with  the  Servo 
900C  (18  ±  3  mL),  p  <0.001.  When  the  ventilators  were  set  to  deliver 
100  mL  VT,  their  delivered  VT  were  not  significantly  different,  NAD 
6000  (66  ±  19  mL)  and  Servo  900C  (60  ±  12  mL),  p  =  0.09.  The 
exhaled  VT  read  by  the  anesthesia  machines  was  significantly  closer  to 
the  delivered  VT  for  the  NAD  6000  (11  ±9  mL)  compared  with  the 
Servo  900C  (37  ±  11  mL),  p  <  0.001.  Both  ventilators  maintained  the 
end  expiratory  pressure  delivered  to  the  test  lung  within  2  cm  H20  of  the 
set  positive  end-expiratory  pressure  on  average.  As  the  conditions  changed 
requiring  the  ventilator  to  develop  a  higher  peak  inflating  pressure,  both 
ventilators  showed  a  decrease  in  VT  delivered,  which  was  proportionate 
to  the  tubing  compression  volume  loss.  IMPLICATIONS:  The  NAD 
6000  (North  American  Drager,  Telford,  PA)  and  Servo  900C  (Siemens- 
Elema  AB,  Solna,  Sweden)  are  able  to  precisely  deliver  small  tidal  vol- 
umes. They  both  decreased  in  performance  when  tested  under  extreme 
conditions.  Earlier  studies  of  traditional  anesthesia  ventilators  suggest 
that  the  NAD  6000  and  Servo  900C  are  superior  pediatric  ventilators. 

Inhaled  Nitric  Oxide  Delivery  by  Anesthesia  Machines — Ceccarelli  P, 
Bigatello  LM,  Hess  D,  Kwo  J,  Melendez  L.  Anesth  Analg  2000  Feb; 
90(2):482-488. 

Inhaled  nitric  oxide  (NO)  is  a  selective  pulmonary  vasodilator  used  to 
treat  intraoperative  pulmonary  hypertension  and  hypoxemia.  In  contrast 
to  NO  delivered  by  critical  care  ventilators,  NO  delivered  by  anesthesia 
machines  can  be  complicated  by  rebreathing.  We  evaluated  two  methods 
of  administering  NO  intraoperatively:  via  the  nitrous  oxide  (N20)  flow- 
meter and  via  the  INOvent  (Datex-Ohmeda,  Madison,  WI).  We  hypoth- 
esized that  both  systems  would  deliver  NO  accurately  when  the  fresh  gas 
flow  (FGF)  rate  was  higher  than  the  minute  ventilation  (VE).  Each  system 
was  set  to  deliver  NO  to  a  lung  model.  Rebreathing  of  NO  was  obtained 
by  decreasing  FGF  and  by  simulating  partial  NO  uptake  by  the  lung.  At 
FGF  a  VE  (6  L/min),  both  systems  delivered  an  inspired  NO  concen- 
tration ([NO])  within  approximately  10%  of  the  [NO]  set.  At  FGF  <  VE 
and  complete  NO  uptake,  the  N20  flowmeter  delivered  a  lower  [NO]  (70 
and  40%  of  the  [NO]  set  at  4  and  2  L/min.  respectively)  and  the  INOvent 
delivered  a  higher  [NO]  (10  and  23%  higher  than  the  [NO]  set  at  4  and 
2  L/min,  respectively).  Decreasing  the  NO  uptake  increased  the  inspired 
[NO]  similarly  with  both  systems.  At  4  L/min  FGF,  [NO]  increased  by 
10%-20%  with  60%  uptake  and  by  18%-23%  with  30%  uptake.  At  2 
L/min.  [NO]  increased  by  30%-33%  with  60%  uptake  and  by  60%-69% 
with  30%  uptake.  We  conclude  that  intraoperative  NO  inhalation  is  ac- 
curate when  administered  either  by  the  N20  flowmeter  of  an  anesthesia 
machine  or  by  the  INOvent  when  FGF  >  VE.  IMPLICATIONS:  Inhaled 
nitric  oxide  (NO)  is  a  selective  pulmonary  vasodilator.  In  a  lung  model, 
we  demonstrated  that  NO  can  be  delivered  accurately  by  a  N20  flow- 
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meter  or  by  a  commercial  device.  We  provide  guidelines  for  intraoper- 
ative NO  delivery. 

A  Pilot  Study  of  Pharyngeal  Pulse  Oximetry  with  the  Laryngeal 
Mask  Airway:  A  Comparison  with  Finger  Oximetry  and  Arterial 
Saturation  Measurements  in  Healthy  Anesthetized  Patients — Keller 
C,  Brimacombe  J,  Agro  F,  Margreiter  J.  Anesth  Analg  2000  Feb;90(2): 
440-444. 

We  compared  pharyngeal  S^,  by  using  the  laryngeal  mask  airway  (LMA) 
to  finger  Spo,  and  oxygen  saturation  from  arterial  blood  samples  (Sa0,). 
We  studied  20  hemodynamically  stable,  well  oxygenated,  anesthetized 
patients  (ASA  physical  status  I-III,  aged  18-80  yr).  A  single-use  pedi- 
atric pulse  oximeter  was  attached  to  the  back  plate  of  a  size  5  LMA. 
Pharyngeal  and  finger  Sp0,  (dominant  index  finger)  and  Sa0;  (nondomi- 
nant  radial  artery)  were  measured  with  the  cuff  volume  at  0-40  mL  in  the 
neutral  position.  The  intracuff  pressure  was  then  set  at  60  cm  H20  in  the 
neutral  position,  and  readings  were  taken  with  the  head-neck  flexed, 
extended,  and  rotated.  Sa0,  was  the  same  as  pharyngeal  Sp0,  at  20  and  30 
mL  cuff  volume,  but  higher  than  pharyngeal  Spo,  at  all  other  cuff  vol- 
umes and  head-neck  positions  (p  <  0.04).  Sa0,  was  always  higher  than 
finger  Spo,  (p  <  0.01).  Pharyngeal  S^,  was  higher  than  finger  S^,  at 
cuff  volumes  10-40  mL  and  in  the  flexed  and  rotated  head-neck  posi- 
tions (all:  p  <  0.007),  but  was  lower  at  0  cuff  volume  (p  <  0.0001)  and 
similar  in  the  extended  head-neck  position.  There  was  an  increase  in 
pharyngeal  Spo,  between  0  and  10  mL  cuff  volume  (p  <  0.0001),  but  no 
changes  thereafter.  Pharyngeal  S^,,  was  similar  in  the  flexed,  rotated  and 
extended  head-neck  positions.  Pharyngeal  S^,  agrees  more  closely  with 
Sa0,  (mean  difference  <  0.7%)  than  finger  Spo,  (mean  difference  > 
1.1%)  at  10-40  mL  cuff  volume  and  in  head-neck  flexion.  The  standard 
error  of  limits  was  identical  (0.09)  for  both  finger  Spo,  and  pharyngeal 
Spo,  if  data  at  0  cuff  volume  are  excluded.  We  conclude  that  pharyngeal 
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S^,,  with  the  LMA  is  feasible  and  generally  provides  more  accurate 
readings  than  finger  S^,,  in  hemodynamically  stable,  well  oxygenated, 
anesthetized  patients.  IMPLICATIONS:  Pharyngeal  oximetry  with  the 
laryngeal  mask  airway  is  feasible  and  generally  provides  more  accurate 
readings  than  finger  oximetry  in  hemodynamically  stable,  well  oxygen- 
ated, anesthetized  patients. 

A  Controlled  Trial  of  a  Critical  Pathway  for  Treatment  of  Commu- 
nity-Acquired Pneumonia — CAPITAL  Study  Investigators.  Communi- 
ty-Acquired Pneumonia  Intervention  Trial  Assessing  Levofloxacin.  Mar- 
rie  TJ,  Lau  CY,  Wheeler  SL,  Wong  CJ,  Vandervoort  MK,  Feagan  BG. 
JAMA  2000  Feb  9;283(6):749-755. 

CONTEXT:  Large  variations  exist  among  hospitals  in  the  use  of  treat- 
ment resources  for  community-acquired  pneumonia  (CAP).  Lack  of  a 
common  approach  to  the  diagnosis  and  treatment  of  CAP  has  been  cited 
as  an  explanation  for  these  variations.  OBJECTIVE:  To  determine  if  use 
of  a  critical  pathway  improves  the  efficiency  of  treatment  for  CAP  with- 
out compromising  the  well-being  of  patients.  DESIGN:  Multicenter  con- 
trolled clinical  trial  with  cluster  randomization  and  up  to  6  weeks  of 
follow-up.  SETTING:  Nineteen  teaching  and  community  hospitals  in 
Canada.  PATIENTS:  A  total  of  1743  patients  with  CAP  presenting  to  the 
emergency  department  at  1  of  the  participating  institutions  between  Jan- 
uary 1  and  July  31,  1998.  INTERVENTION:  Hospitals  were  assigned  to 
continue  conventional  management  (n  =  10)  or  implement  the  critical 
pathway  (n  =  9),  which  consisted  of  a  clinical  prediction  rule  to  guide  the 
admission  decision,  levofloxacin  therapy,  and  practice  guidelines.  MAIN 
OUTCOME  MEASURES:  Effectiveness  of  the  critical  pathway,  as  mea- 
sured by  health-related  quality  of  life  on  the  Short-Form  36  Physical 
Component  Summary  (SF-36  PCS)  scale  at  6  weeks;  and  resource  uti- 
lization, as  measured  by  the  number  of  bed  days  per  patient  managed 
(BDPM).  RESULTS:  Quality  of  life  and  the  occurrence  of  complications, 
readmission,  and  mortality  were  not  different  for  the  2  strategies;  the 
1 -sided  95%  confidence  limit  of  the  between-group  difference  in  the 
SF-36  PCS  change  score  was  2.4  points,  which  was  within  a  predefined 
3-point  boundary  for  equivalence.  Pathway  use  was  associated  with  a 
1.7-day  reduction  in  BDPM  (4.4  vs  6.1  days;  p  =  0.04)  and  an  18% 
decrease  in  the  admission  of  low-risk  patients  (31%  vs  49%:  p  =  0.01). 
Although  inpatients  at  critical  pathway  hospitals  had  more  severe  dis- 
ease, they  required  1 .7  fewer  days  of  intravenous  therapy  (4.6  vs  6.3 
days:  p  =  0.01 )  and  were  more  likely  to  receive  treatment  with  a  single 
class  of  antibiotic  (64%  vs  27%:  p<  0.001).  CONCLUSION:  In  this 
study,  implementation  of  a  critical  pathway  reduced  the  use  of  institu- 
tional resources  without  causing  adverse  effects  on  the  well-being  of 
patients. 

Effect  of  Out-of-Hospital  Pediatric  Endotracheal  Intubation  on  Sur- 
vival and  Neurological  Outcome:  A  Controlled  Clinical  Trial — 

Gausche  M.  Lewis  RJ.  Stratton  SJ.  Haynes  BE,  Gunter  CS,  Goodrich 
SM,  et  al.  JAMA  2000  Feb  9;283(6):783-790. 

CONTEXT:  Endotracheal  intubation  (ETI)  is  widely  used  for  airway 
management  of  children  in  the  out-of-hospital  setting,  despite  a  lack  of 
controlled  trials  demonstrating  a  positive  effect  on  survival  or  neurolog- 
ical outcome.  OBJECTIVE:  To  compare  the  survival  and  neurological 
outcomes  of  pediatric  patients  treated  with  bag-valve-mask  ventilation 
(BVM)  with  those  of  patients  treated  with  BVM  followed  by  ETI.  DE- 
SIGN: Controlled  clinical  trial,  in  which  patients  were  assigned  to  inter- 
ventions by  calendar  day  from  March  15.  1994,  through  January  1.  1997. 
SETTING:  Two  large,  urban,  rapid-transport  emergency  medical  ser- 
vices (EMS)  systems.  PARTICIPANTS:  A  total  of  830  consecutive  pa- 
tients aged  1 2  years  or  younger  or  estimated  to  weigh  less  than  40  kg  who 
required  airway  management;  820  were  available  for  follow-up.  INTER- 
VENTIONS: Patients  were  assigned  to  receive  cither  BVM  (odd  days; 
n  =  410)  or  BVM  followed  by  ETI  (even  days;  n  =  420).  MAIN 


OUTCOME  MEASURES:  Survival  to  hospital  discharge  and  neurolog- 
ical status  at  discharge  from  an  acute  care  hospital  compared  by  treatment 
group.  RESULTS:  There  was  no  significant  difference  in  survival  be- 
tween the  BVM  group  (123/404  [30%])  and  the  ETI  group  (110/416 
[26%])  (odds  ratio  [OR],  0.82;  95%  confidence  interval  [CI],  0.61-1.1 1) 
or  in  the  rate  of  achieving  a  good  neurological  outcome  (BVM.  92/404 
[23%]  vs  ETI,  85/416  [20%])  (OR,  0.87;  95%  CI,  0.62-1.22).  CONCLU- 
SION: These  results  indicate  that  the  addition  of  out-of-hospital  ETI  to  a 
paramedic  scope  of  practice  that  already  includes  BVM  did  not  improve 
survival  or  neurological  outcome  of  pediatric  patients  treated  in  an  urban 
EMS  system. 

Extracorporeal  Life  Support:  The  University  of  Michigan  Experi- 
ence—Bartlett  RH,  Roloff  DW,  Custer  JR.  Younger  JG.  Hirschl  RB. 
JAMA  2000  Feb  16;283(7):904-908. 

The  University  of  Michigan  experience  with  extracorporeal  life  support 
(ECLS)  in  1000  consecutive  patients  between  1980  and  1998  is  the 
largest  series  at  one  institution  in  the  world.  Among  this  patient  popu- 
lation, survival  to  hospital  discharge  in  moribund  patients  with  respira- 
tory failure  was  88%  in  586  neonates,  70%  in  132  children,  and  56%  in 
146  adults.  Survival  in  moribund  patients  with  cardiac  failure  was  48% 
in  105  children  and  33%  in  31  adults.  This  article  describes  the  Univer- 
sity of  Michigan's  overall  ECLS  patient  experience,  the  progression  of 
ECLS  from  laboratory  experiments  to  clinical  application  at  the  bedside, 
the  expansion  of  the  technology  to  other  centers,  and  current  ECLS 
technology  and  outcomes.  Despite  the  challenges  faced  in  clinical  re- 
search in  this  field,  our  experience  and  that  of  others  has  shown  that 
ECLS  saves  lives  of  patients  with  acute  cardiac  or  pulmonary  failure  in 
a  variety  of  clinical  settings. 

Tolerability  and  Side-Effects  of  Post-Exposure  Prophylaxis  for  HIV 
Infection — Parkin  JM,  Murphy  M.  Anderson  J,  El-Gadi  S.  Forster  G, 
Pinching  AJ.  Lancet  2000  Feb  26;355(9205):722-723. 

A  study  of  HIV  post-exposure  prophylaxis  in  28  recipients  showed  that 
indinavir-containing  regimens  were  poorly  tolerated.  This  finding  has 
implications  for  compliance  and  efficacy  of  the  currently  recommended 
combinations. 

Cigarette  Smoking  and  Invasive  Pneumococcal  Disease.  Active  Bac- 
terial Core  Surveillance  Team — Nuorti  JP.  Butler  JC.  Farley  MM. 
Harrison  LH.  McGeer  A,  Kolczak  MS.  Breiman  RF.  N  Engl  J  Med  2000 
Mar9;342(l0):681-689. 

BACKGROUND:  Approximately  half  of  otherwise  healthy  adults  with 
invasive  pneumococcal  disease  are  cigarette  smokers.  We  conducted  a 
population-based  case-control  study  to  assess  the  importance  of  cigarette 
smoking  and  other  factors  as  risk  factors  for  pneumococcal  infections. 
METHODS:  We  identified  immunocompetent  patients  who  were  18  to 
64  years  old  and  who  had  invasive  pneumococcal  disease  (as  defined  by 
the  isolation  of  Streptococcus  pneumoniae  from  a  normally  sterile  site) 
by  active  surveillance  of  laboratories  in  metropolitan  Atlanta.  Baltimore, 
and  Toronto.  Telephone  interviews  were  conducted  with  228  patients  and 
301  control  subjects  who  were  reached  by  random-digit  dialing.  RE- 
SULTS: Fifty-eight  percent  of  the  patients  and  24  percent  of  the  control 
subjects  were  current  smokers.  Invasive  pneumococcal  disease  was  as- 
sociated with  cigarette  smoking  (odds  ratio.  4. 1 :  95  percent  confidence 
interval,  2.4  to  7.3)  and  with  passive  smoking  among  nonsmokers  (odds 
ratio.  2.5;  95  percent  confidence  interval,  1.2  to  5.1)  after  adjustment  by 
logistic-regression  analysis  for  age.  study  site,  and  independent  risk  fac- 
tors such  as  male  sex.  black  race,  chronic  illness,  low  level  of  education, 
and  living  with  young  children  who  were  in  day  care.  There  were  dose- 
response  relations  for  the  current  number  of  cigarettes  smoked  per  day. 
pack-years  of  smoking,  and  time  since  quitting.  The  adjusted  population 
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attributable  risk  was  5 1  percent  for  cigarette  smoking.  17  percent  for 
passive  smoking,  and  14  percent  for  chronic  illness.  CONCLUSIONS: 
Cigarette  smoking  is  the  strongest  independent  risk  factor  for  invasive 
pneumococcal  disease  among  immunocompetent,  nonelderly  adults.  Be- 
cause of  the  high  prevalence  of  smoking  and  the  large  population  attrib- 
utable risk,  programs  to  reduce  both  smoking  and  exposure  to  environ- 
mental tobacco  smoke  have  the  potential  to  reduce  the  incidence  of 
pneumococcal  disease. 

Asthma  Education  and  Quality  of  Life  in  the  Community:  A  Ran- 
domised Controlled  Study  to  Evaluate  the  Impact  on  White  Euro- 
pean and  Indian  Subcontinent  Ethnic  Groups  from  Socioeconomi- 
cally  Deprived  Areas  in  Birmingham,  UK — Moudgil  H,  Marshall  T. 
Honeyboume  D.  Thorax  2000  Mar;55(3):  177-183. 

BACKGROUND:  Whether  asthma  morbidity  in  minority  groups  can  be 
reduced  by  preventative  health  care  measures  delivered  in  the  relevant 
ethnic  dialects  requires  further  evaluation.  This  study  reports  clinical 
outcomes  and  quality  of  life  from  a  community  based  project  investigat- 
ing white  European  (W/E)  and  Indian  subcontinent  (ISC)  ethnic  groups 
with  asthma  living  in  deprived  inner  city  areas  of  Birmingham,  UK. 
METHODS:  Six  hundred  and  eighty  nine  asthmatic  subjects  (345  W/E, 
344  ISC)  of  mean  (SD)  age  34.5  (15)  years  (range  11-59)  and  mean 
forced  expiratory  volume  in  one  second  (FEV,)  of  80%  predicted  were 
interviewed  in  English,  Punjabi.  Hindi,  or  Urdu.  Subjects  randomised  to 
the  active  limb  of  a  prospective,  open,  randomised,  controlled,  parallel 
group.  12  month  follow  up  study  underwent  individually  based  asthma 
education  and  optimisation  of  drug  therapy  with  four  monthly  follow  up 
(active  intervention).  Control  groups  were  seen  only  at  the  beginning  and 
end  of  the  study.  Urgent  or  emergency  interactions  with  primary  and 
secondary  health  care  (clinical  outcomes)  and  both  cross  sectional  and 
longitudinal  data  from  an  Asthma  Quality  of  Life  Questionnaire  (AQLQ) 


were  analysed.  RESULTS:  Clinical  outcomes  were  available  for  593 
subjects.  Fewer  of  the  active  intervention  group  consulted  their  GP  (41 .8% 
versus  57.8%,  odds  ratio  (OR)  0.52  (95%  CI  0.37  to  0.74))  or  were 
prescribed  antibiotics  (34.9%  versus  51.2%,  OR  0.51  (95%  CI  0.36  to 
0.72)),  but  by  ethnicity  statistically  significant  changes  occurred  only  in 
the  W/E  group  with  fewer  also  attending  A&E  departments  and  requiring 
urgent  home  visits.  Active  intervention  reduced  the  number  of  hospital 
admissions  (10  versus  30),  GP  consultations  (341  versus  476).  prescrip- 
tions of  rescue  oral  steroids  (92  versus  177).  and  antibiotics  (220  versus 
340).  but  again  significant  improvements  by  ethnicity  only  occurred  in 
the  active  W/E  group.  AQLQ  scores  were  negatively  skewed  to  the 
higher  values;  regression  analysis  showed  that  lower  values  were  asso- 
ciated with  ISC  ethnicity.  Longitudinal  changes  (for  522  subjects)  in  the 
mean  AQLQ  scores  were  small  but  statistically  significant  for  both  ethnic 
groups,  with  scores  improving  in  the  active  and  worsening  in  the  control 
groups.  CONCLUSIONS:  Active  intervention  only  improved  clinical 
outcomes  in  the  W/E  group.  AQLQ  scores,  although  lower  in  the  ISC 
group,  were  improved  by  active  intervention  in  both  ethnic  groups. 

Airflow  Obstruction  in  Bronchiectasis:  Correlation  between  Com- 
puted Tomography  Features  and  Pulmonary  Function  Tests — Rob- 
erts HR.  Wells  AU,  Milne  DG,  Rubens  MB,  Kolbe  J,  Cole  PJ,  Hansell 
DM.  Thorax  2000  Mar;55(3):198-204. 

BACKGROUND:  An  obstructive  defect  is  usual  in  bronchiectasis,  but 
the  pathophysiological  basis  of  airflow  obstruction  remains  uncertain. 
High  resolution  computed  tomographic  (CT)  scanning  now  allows  quan- 
titation of  static  morphological  abnormalities,  as  well  as  dynamic  changes 
shown  on  expiratory  CT  scans.  The  aim  of  this  study  was  to  determine 
which  static  and  dynamic  structural  abnormalities  on  the  CT  scan  are 
associated  with  airflow  obstruction  in  bronchiectasis.  METHODS:  The 
inspiratory  and  expiratory  features  on  the  CT  scan  of  100  patients  with 
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Abstracts 


bronchiectasis  undergoing  concurrent  lung  function  tests  were  scored 
semi-quantitatively  by  three  observers.  RESULTS:  On  univariate  analy- 
sis the  extent  and  severity  of  bronchiectasis,  the  severity  of  bronchial 
wall  thickening,  and  the  extent  of  decreased  attenuation  on  the  expiratory 
CT  scan  correlated  strongly  with  the  severity  of  airflow  obstruction;  the 
closest  relationship  was  seen  between  decreased  forced  expiratory  vol- 
ume in  one  second  (FEV,)  and  the  extent  of  decreased  attenuation  on  the 
expiratory  CT  scan  (R2  =  -0.55,  p<0.00005).  On  multivariate  analysis 
bronchial  wall  thickness  and  decreased  attenuation  were  consistently  the 
strongest  independent  determinants  of  airflow  obstruction.  The  extent  of 
decreased  attenuation  was  positively  associated  with  the  severity  of  bron- 
chial wall  thickness,  but  was  not  independently  linked  to  gas  transfer 
levels.  Endobronchial  secretions  seen  on  CT  scanning  had  no  functional 
significance;  the  severity  of  bronchial  dilatation  was  negatively  associ- 
ated with  airflow  obstruction  after  adjustment  for  other  morphological 
features.  CONCLUSIONS:  These  findings  indicate  that  airflow  obstruc- 
tion in  bronchiectasis  is  primarily  linked  to  evidence  of  intrinsic  disease 
of  small  and  medium  airways  on  CT  scanning  and  not  to  bronchiectatic 
abnormalities  in  large  airways,  emphysema,  or  retained  endobronchial 
secretions. 

Randomised  Prospective  Parallel  Trial  of  Therapeutic  Versus  Sub- 
therapeutic Nasal  Continuous  Positive  Airway  Pressure  on  Simu- 
lated Steering  Performance  in  Patients  with  Obstructive  Sleep 
Apnoea — Hack  M,  Davies  RJ,  Mullins  R,  Choi  SJ,  Ramdassingh-Dow  S, 
Jenkinson  C,  Stradling  JR.  Thorax  2000  Mar;55(3):224-231. 

BACKGROUND:  Obstructive  sleep  apnoea  (OSA)  impairs  vigilance  and 
may  lead  to  an  increased  rate  of  driving  accidents.  In  uncontrolled  studies 
accident  rates  and  simulated  steering  performance  improve  following 
treatment  with  nasal  continuous  positive  airway  pressure  (NCPAP).  This 
study  seeks  to  confirm  the  improvement  in  steering  performance  in  a 
randomised  controlled  trial  using  subtherapeutic  NCPAP  as  a  control 
treatment.  METHODS:  Fifty  nine  men  with  OSA  (Epworth  Sleepiness 
Score  (ESS)  of  >10,  and  alO/h  dips  in  SaQ2  of  >4%  due  to  OSA) 
received  therapeutic  or  subtherapeutic  NCPAP  (  approximately  1  cm 
H20)  for  one  month.  Simulated  steering  performance  over  three  30- 
minute  "drives"  was  quantified  as:  standard  deviation  (SD)  of  road  po- 
sition, deterioration  in  SD  across  the  drive,  length  of  drive  before  "crash- 
ing", and  number  of  off-road  events.  The  reaction  times  to  peripheral 
target  stimuli  during  the  drive  were  also  measured.  RESULTS:  Subthera- 
peutic NCPAP  did  not  improve  overnight  >4%  Sa0,  dips/h  compared 
with  baseline  values,  thus  acting  as  a  control.  The  SD  of  the  steering 
position  improved  from  0.36  to  0.21  on  therapeutic  NCPAP,  and  from 
0.35  to  0.30  on  subtherapeutic  NCPAP  (p  =  0.03).  Deterioration  in  SD 
of  the  steering  position  improved  from  0. 1 8  to  0.06  SD/h  with  therapeutic 
NCPAP  and  worsened  from  0.18  to  0.24  with  subtherapeutic  NCPAP 
(p  =  0.04).  The  reaction  time  to  target  stimuli  was  quicker  after  thera- 
peutic than  after  subtherapeutic  NCPAP  (2.3  versus  2.7  seconds,  p  = 
0.04).  CONCLUSIONS:  Therapeutic  NCPAP  improves  steering  perfor- 
mance and  reaction  time  to  target  stimuli  in  patients  with  OSA,  lending 
further  support  to  the  hypothesis  that  OSA  impairs  driving,  increases 
driving  accident  rates,  and  that  these  improve  following  treatment  with 
NCPAP. 


the  clinical  outcomes  in  these  patients.  METHODS:  Patients  with  acute 
lung  injury  and  the  acute  respiratory  distress  syndrome  were  enrolled  in 
a  multicenter,  randomized  trial.  The  trial  compared  traditional  ventilation 
treatment,  which  involved  an  initial  tidal  volume  of  12  mL  per  kilogram 
of  predicted  body  weight  and  an  airway  pressure  measured  after  a  0.5- 
second  pause  at  the  end  of  inspiration  (plateau  pressure)  of  50  cm  of 
water  or  less,  with  ventilation  with  a  lower  tidal  volume,  which  involved 
an  initial  tidal  volume  of  6  mL  per  kilogram  of  predicted  body  weight  and 
a  plateau  pressure  of  30  cm  of  water  or  less.  The  primary  outcomes  were 
death  before  a  patient  was  discharged  home  and  was  breathing  without 
assistance  and  the  number  of  days  without  ventilator  use  from  day  1  to 
day  28.  RESULTS:  The  trial  was  stopped  after  the  enrollment  of  861 
patients  because  mortality  was  lower  in  the  group  treated  with  lower  tidal 
volumes  than  in  the  group  treated  with  traditional  tidal  volumes  (31.0 
percent  vs.  39.8  percent,  p  =  0.007),  and  the  number  of  days  without 
ventilator  use  during  the  first  28  days  after  randomization  was  greater  in 
this  group  (mean  ±  SD],  12  ±  1 1  vs.  10  ±  1 1;  p  =  0.007).  The  mean 
tidal  volumes  on  days  1  to  3  were  6.2  ±  0.8  and  11.8  ±  0.8  mL  per 
kilogram  of  predicted  body  weight  (p  <  0.001),  respectively,  and  the 
mean  plateau  pressures  were  25  ±  6  and  33  ±  8  cm  of  water  (p  <  0.00 1 ), 
respectively.  CONCLUSIONS:  In  patients  with  acute  lung  injury  and  the 
acute  respiratory  distress  syndrome,  mechanical  ventilation  with  a  lower 
tidal  volume  than  is  traditionally  used  results  in  decreased  mortality  and 
increases  the  number  of  days  without  ventilator  use. 

Guidelines  for  Medical  and  Health  Information  Sites  on  the  Internet: 
Principles  Governing  AMA  Web  Sites.  American  Medical  Associa- 
tion— Winker  MA,  Flanagin  A,  Chi-Lum  B,  White  J,  Andrews  K,  Ken- 
nett  RL,  et  al.  JAMA  2000  Mar  22-29;283(  12):  1600- 1606. 

Access  to  medical  information  via  the  Internet  has  the  potential  to  speed 
the  transformation  of  the  patient-physician  relationship  from  that  of  phy- 
sician authority  ministering  advice  and  treatment  to  that  of  shared  deci- 
sion making  between  patient  and  physician.  However,  barriers  impeding 
this  transformation  include  wide  variations  in  quality  of  content  on  the 
Web.  potential  for  commercial  interests  to  influence  online  content,  and 
uncertain  preservation  of  personal  privacy.  To  address  these  issues,  the 
American  Medical  Association  (AMA)  has  developed  principles  to  guide 
development  and  posting  of  Web  site  content,  govern  acquisition  and 
posting  of  online  advertising  and  sponsorship,  ensure  site  visitors'  and 
patients'  rights  to  privacy  and  confidentiality,  and  provide  effective  and 
secure  means  of  e-commerce.  While  these  guidelines  were  developed  for 
the  AMA  Web  sites  and  visitors  to  these  sites,  they  also  may  be  useful  to 
other  providers  and  users  of  medical  information  on  the  Web.  These 
principles  have  been  developed  with  the  understanding  that  they  will 
require  frequent  revision  to  keep  pace  with  evolving  technology  and 
practices  on  the  Internet.  The  AMA  encourages  review  and  feedback 
from  readers,  Web  site  visitors,  policymakers,  and  all  others  interested  in 
providing  reliable  quality  information  via  the  Web. 

Assessing  the  Need  for  Reintubation:  A  Prospective  Evaluation  of 
Unplanned  Endotracheal  Extubation — Razek  T,  Gracias  V,  Sullivan 
D,  Braxton  C,  Gandhi  R,  Gupta  R,  et  al.  J  Trauma  2000  Mar;48(3):466- 
469. 


Ventilation  with  Lower  Tidal  Volumes  As  Compared  with  Tradi- 
tional Tidal  Volumes  for  Acute  Lung  Injury  and  the  Acute  Respi- 
ratory Distress  Syndrome — The  Acute  Respiratory  Distress  Syndrome 
Network.  N  Engl  J  Med  2000  May  4;342(  18):  1301  -1308. 

BACKGROUND:  Traditional  approaches  to  mechanical  ventilation  use 
tidal  volumes  of  10  to  15  mL  per  kilogram  of  body  weight  and  may  cause 
stretch-induced  lung  injury  in  patients  with  acute  lung  injury  and  the 
acute  respiratory  distress  syndrome.  We  therefore  conducted  a  trial  to 
determine  whether  ventilation  with  lower  tidal  volumes  would  improve 


OBJECTIVE:  Unplanned  endotracheal  extubation  (UEE)  is  a  common 
complication  in  medical  intensive  care  units  but  very  little  data  about 
UEE  in  surgical  populations  are  available.  Our  hypothesis  is  that  the 
surgical  intensive  care  unit  (SICU)  population  requires  reintubation  less 
frequently  compared  with  the  medical  intensive  care  unit  population.  We 
prospectively  gathered  data  on  patients  in  a  SICU  in  an  attempt  to  iden- 
tify the  incidence  of  UEE  and  to  study  the  need  for  reintubation  after 
UEE.  METHODS:  During  an  18-month  period,  we  prospectively  iden- 
tified SICU  patients  from  a  quality  improvement  database  who  required 
ventilatory  support.  All  patients  who  self-extubated  were  included  in  the 
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study.  RESULTS:  Fifty-eight  of  1,178  intubated  patients  experienced 
unplanned  extubation  61  times  during  the  1 8-month  period.  A  total  of  22 
patients  (36%)  required  reintubation,  whereas  39  patients  (64%)  did  not. 
Thirty-three  patients  self-extubated  while  being  actively  weaned  from 
ventilatory  support.  Of  these,  only  5  patients  (15%)  required  reintubation 
and  28  patients  (85%)  did  not  (p  <  0.01).  CONCLUSION:  A  total  of 
85%  of  patients  who  self-extubate  during  the  weaning  process  did  not 
require  reintubation  in  our  study.  Those  who  have  an  FI02  >50%,  a  lower 
PaC,2/FI02  ratio,  had  UEE  occur  by  accident,  or  were  not  being  weaned 
when  UEE  occurred  required  reintubation  more  frequently.  These  data 
suggest  that  some  of  our  SICU  patients  are  intubated  longer  than  neces- 
sary, which  may  translate  into  more  ventilator  related  complications, 
longer  ICU  stays  and  increased  cost. 

The  Influence  of  the  Composition  of  the  Nursing  Staff  on  Primary 
Bloodstream  Infection  Rates  in  a  Surgical  Intensive  Care  Unit — 

Robert  J,  Fridkin  SK,  Blumberg  HM,  Anderson  B,  White  N,  Ray  SM,  et 
al.  Infect  Control  Hosp  Epidemiol  2000  Jan;21(l):12-17. 

OBJECTIVES:  To  determine  the  risk  factors  for  acquisition  of  nosoco- 
mial primary  bloodstream  infections  (BSIs),  including  the  effect  of  nurs- 
ing-staff levels,  in  surgical  intensive  care  unit  (SICU)  patients.  DESIGN: 
A  nested  case-control  study.  SETTING:  A  20-bed  SICU  in  a  1,000-bed 
inner-city  public  hospital.  PATIENTS:  28  patients  with  BSI  (case-pa- 
tients) were  compared  to  99  randomly  selected  patients  (controls)  hos- 
pitalized a  3  days  in  the  same  unit.  RESULTS:  Case-  and  control- 
patients  were  similar  in  age,  severity  of  illness,  and  type  of  central  venous 
catheter  (CVC)  used.  Case-patients  were  significantly  more  likely  than 
controls  to  be  hospitalized  during  a  5-month  period  that  had  lower  reg- 
ular-nurse-to-patient and  higher  pool-nurse-to-patient  ratios  than  during 
an  8-month  reference  period;  to  be  in  the  SICU  for  a  longer  period  of 
time;  to  be  mechanically  ventilated  longer;  to  receive  more  antimicrobi- 
als and  total  parenteral  nutrition;  to  have  more  CVC  days;  or  to  die. 
Case-patients  had  significantly  lower  regular-nurse-to-patient  and  higher 
pool-nurse-to-patient  ratios  for  the  3  days  before  BSI  than  controls.  In 
multivariate  analyses,  admission  during  a  period  of  higher  pool-nurse- 
to-patient  ratio  (odds  ratio  [OR]  =  3.8),  total  parenteral  nutrition  (OR=  1 .3), 
and  CVC  days  (OR=l.l)  remained  independent  BSI  risk  factors.  CON- 
CLUSIONS: Our  data  suggest  that,  in  addition  to  other  factors,  nurse 
staffing  composition  (ie,  pool-nurse-to-patient  ratio)  may  be  related  to 
primary  BSI  risk.  Patterns  in  intensive  care  unit  nurse  staffing  should  be 
monitored  to  assess  their  impact  on  nosocomial  infection  rates.  This  may 
be  particularly  important  in  an  era  of  cost  containment  and  healthcare 
reform. 

A  Prolonged  Outbreak  of  Pseudomonas  Aeruginosa  in  a  Neonatal 
Intensive  Care  Unit:  Did  Staff  Fingernails  Play  a  Role  in  Disease 
Transmission? — Moolenaar  RL,  Crutcher  JM,  San  Joaquin  VH,  Sewell 
LV,  Hutwagner  LC,  Carson  LA,  et  al.  Infect  Control  Hosp  Epidemiol 
2000  Feb;21(2):80-85 

OBJECTIVES:  To  describe  an  outbreak  of  Pseudomonas  aeruginosa 
bloodstream  infection  (BSI)  and  endotracheal  tube  (ETT)  colonization  in 
a  neonatal  intensive  care  unit  (NICU),  determine  risk  factors  for  infec- 
tion, and  make  preventive  recommendations.  DESIGN:  A  15-month  co- 
hort study  followed  by  a  case-control  study  with  an  environmental  survey 
and  molecular  typing  of  available  isolates  using  pulsed-field  gel  electro- 
phoresis. SETTING  AND  PATIENTS:  Neonates  in  the  NICU  of  a  uni- 
versity-affiliated children's  hospital.  INTERVENTIONS:  Improved  hand 
washing  and  restriction  of  use  of  long  or  artificial  fingernails.  RESULTS: 
Of  439  neonates  admitted  during  the  study  period,  46  (10.5%)  acquired 
P  aeruginosa;  16  (35%)  of  those  died.  Fifteen  (75%)  of  20  patients  for 
whom  isolates  were  genotyped  had  genotype  A,  and  3  (15%)  had  geno- 
type B.  Of  104  healthcare  workers  (HCWs)  from  whom  hand  cultures 
were  obtained,  P  aeruginosa  was  isolated  from  three  nurses.  Cultures 


from  nurses  A-l  and  A-2  grew  genotype  A,  and  cultures  from  nurse  B 
grew  genotype  B.  Nurse  A-l  had  long  natural  fingernails,  nurse  B  had 
long  artificial  fingernails,  and  nurse  A-2  had  short  natural  fingernails.  On 
multivariate  logistic  regression  analysis,  exposure  to  nurse  A-l  and  ex- 
posure to  nurse  B  were  each  independently  associated  with  acquiring  a 
BSI  or  ETT  colonization  with  P  aeruginosa,  but  other  variables,  includ- 
ing exposure  to  nurse  A-2,  were  not.  CONCLUSION:  Epidemiological 
evidence  demonstrated  an  association  between  acquiring  P  aeruginosa 
and  exposure  to  two  nurses.  Genetic  and  environmental  evidence  sup- 
ported that  association  and  suggested,  but  did  not  prove,  a  possible  role 
for  long  or  artificial  fingernails  in  the  colonization  of  HCWs'  hands  with 
P  aeruginosa.  Requiring  short  natural  fingernails  in  NICUs  is  a  reason- 
able policy  that  might  reduce  the  incidence  of  hospital-acquired  infec- 
tions. 

Comparison  of  Conventional  Surgical  Versus  Seldinger  Technique 
Emergency  Cricothyrotomy  Performed  by  Inexperienced  Clini- 
cians— Eisenburger  P,  Laczika  K,  List  M,  Willing  A,  Losert  H,  Hof- 
bauer  R,  et  al.  Anesthesiology  2000  Mar;92(3):687-690. 

BACKGROUND:  Cricothyrotomy  is  the  ultimate  option  for  a  patient 
with  a  life-threatening  airway  problem.  METHODS:  The  authors  com- 
pared the  first-time  performance  of  surgical  (group  1)  versus  Seldinger 
technique  (group  2)  cricothyrotomy  in  cadavers.  Intensive  care  unit  phy- 
sicians (n  =  20)  performed  each  procedure  on  two  adult  human  cadavers. 
Methods  were  compared  with  regard  to  ease  of  use  and  anatomy  of  the 
neck  of  the  cadaver.  Times  to  location  of  the  cricothyroid  membrane,  to 
tracheal  puncture,  and  to  the  first  ventilation  were  recorded.  Each  par- 
ticipant was  allowed  only  one  attempt  per  procedure.  A  pathologist  dis- 
sected the  neck  of  each  patient  and  assessed  correctness  of  position  of  the 
tube  and  any  injury  inflicted.  Subjective  assessment  of  technique  and 
cadaver  on  a  visual  analog  scale  from  1  (easiest)  to  5  (worst)  was  con- 
ducted by  the  performer.  RESULTS:  Age,  height,  and  weight  of  the 
cadavers  were  not  different.  Subjective  assessment  of  both  methods  (2.2 
in  group  1  vs.  2.4  in  group  2)  and  anatomy  of  the  cadavers  (2.2  in  group 
1  vs.  2.4  in  group  2)  showed  no  statistically  significant  difference  be- 
tween both  groups.  Tracheal  placement  of  the  tube  was  achieved  in  70% 
(n  =  14)  in  group  1  versus  60%  (n  =  12)  in  group  2  (P  value  not 
significant).  Five  attempts  in  group  2  had  to  be  aborted  because  of  kink- 
ing of  the  guide  wire.  Time  intervals  (mean  ±  SD)  were  from  start  to 
location  of  the  cricothyroid  membrane  7  ±  9  s  (group  1)  versus  8  ±  7s 
(group  2),  to  tracheal  puncture  46  ±  37s  (group  1)  versus  30  ±  28s 
(group  2),  and  to  first  ventilation  102  ±  42s  (group  1)  versus  100  ±  46s 
(group  2)  (P  value  not  significant).  CONCLUSIONS:  The  two  methods 
showed  equally  poor  performance. 

Effect  of  Infection  Control  Measures  on  the  Frequency  of  Upper 
Respiratory  Infection  in  Child  Care:  A  Randomized,  Controlled  Tri- 
al—Roberts L,  Smith  W,  Jorm  L,  Patel  M,  Douglas  RM,  McGilchrist  C. 
Pediatrics  2000  Apr;  105(4  Pt  l):738-742. 

BACKGROUND:  Acute  upper  respiratory  infections  are  common  in 
children  who  attend  child  care,  and  preventing  transmission  of  disease  in 
this  setting  depends  on  actions  by  child  care  staff.  We  set  out  to  discover 
whether  transmission  of  respiratory  infections  in  child  care  could  be 
reduced  by  improved  infection  control  procedures.  METHODS:  We  per- 
formed a  cluster,  randomized,  controlled  trial  of  an  infection  control 
intervention  conducted  in  child  care  centers  in  1  city  in  Australia.  The 
intervention  was  training  of  child  care  staff  about  transmission  of  infec- 
tion, handwashing,  and  aseptic  nosewiping  technique.  Implementation  of 
the  intervention  was  recorded  by  an  observer.  Illness  was  measured  by 
parent  report  in  telephone  interviews  every  2  weeks.  RESULTS:  There 
were  31 1  child-years  of  surveillance  for  respiratory  symptoms.  By  mul- 
tivariable  analysis,  there  was  no  significant  reduction  in  colds  in  inter- 
vention center  children  across  the  full  age  range.  However,  a  significant 
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reduction  in  respiratory  illness  was  present  in  children  24  months  of  age 
and  younger.  When  compliance  with  infection  control  practices  was  high, 
colds  in  these  children  were  reduced  by  17%.  CONCLUSIONS:  This 
trial  supports  the  role  of  direct  transmission  of  colds  in  young  children  in 
child  care.  The  ability  of  infection  control  techniques  to  reduce  episodes 
of  colds  in  children  in  child  care  was  limited  to  children  24  months  of  age 
and  under. 

A  Guideline  Implementation  System  Using  Handheld  Computers  for 
Office  Management  of  Asthma:  Effects  on  Adherence  and  Patient 
Outcomes — Shiffman  RN,  Freudigman  Md,  Brandt  CA,  Liaw  Y,  Na- 
vedo  DD.  Pediatrics  2000  Apr;105(4  Pt  l):767-773. 

OBJECTIVE:  To  evaluate  effects  on  the  process  and  outcomes  of  care 
brought  about  by  use  of  a  handheld,  computer-based  system  that  imple- 
ments the  American  Academy  of  Pediatrics  guideline  on  office  manage- 
ment of  asthma  exacerbations.  DESIGN:  A  before-after  trial  with  ran- 
domly selected,  office-based  Connecticut  pediatricians.  In  both  the  control 
and  intervention  phases,  physicians  collected  data  from  10  patient  en- 
counters for  acute  asthma  exacerbations.  During  the  intervention  phase, 
the  computer  provided  for  structured  encounter  documentation  and  of- 
fered recommendations  based  on  the  guideline  of  the  American  Academy 
of  Pediatrics.  Patients  were  contacted  by  telephone  7  to  14  days  after  the 
visit  to  assess  outcomes.  RESULTS:  Nine-study  physicians  enrolled  91 
patients  in  the  control  phase  and  74  in  the  intervention  phase.  Follow-up 
information  was  available  for  93%  of  encounters.  Use  of  the  intervention 
was  associated  with  increased  mean  frequency/visit  of:  1 )  measurements 
of  peak  expiratory  flow  rate  (2.18  vs  1.57)  and  oxygen  saturation  (1.12 
vs.  42),  and  2)  administration  of  nebulized  02-agonists  (1.25  vs.  71). 
Visits  in  the  intervention  phase  lasted  longer  and  fees  were  higher  ($  1 45.6 1 
vs  $103.11).  There  were  no  significant  differences  in  immediate  dispo- 
sition or  subsequent  emergency  department  visits,  hospitalizations,  missed 
school,  or  caretaker's  missed  work  during  the  7  days  post  visit.  CON- 
CLUSION: Use  of  handheld  computers  that  provide  guideline-based  de- 
cision support  was  associated  with  increased  physician  adherence  to 
guideline  recommendations;  however,  visits  were  prolonged,  fees  were 
higher,  and  no  improvement  could  be  demonstrated  with  regard  to  the 
observed  intermediate-term  patient  outcomes.  Guideline  implemented 
(and  users)  should  be  cautious  about  putting  unvalidated  recommenda- 
tions into  practice. 

Potential  to  Prevent  Carbon  Dioxide  Rebreathing  of  Commercial 
Products  Marketed  to  Reduce  Sudden  Infant  Death  Syndrome  Risk — 

Carolan  PL,  Wheeler  WB,  Ross  JD,  Kemp  RJ.  Pediatrics  2000  Apr;105(4 
Pt  l):774-779. 

OBJECTIVE:  Rebreathing  of  exhaled  air  is  one  proposed  mechanism  for 
the  increased  risk  for  sudden  infant  death  syndrome  among  prone  sleep- 
ing infants.  We  evaluated  how  carbon  dioxide  (C02)  dispersal  was  af- 
fected by  a  conventional  crib  mattress  and  5  products  recently  marketed 
to  prevent  prone  rebreathing.  SETTING:  Infant  pulmonary  laboratory. 
EQUIPMENT:  An  infant  mannequin  with  its  nares  connected  via  tubing 
to  a  100-mL  reservoir  filled  with  5%  C02.  The  sleep  surfaces  studied 
included:  firm  mattress  covered  by  a  sheet,  Bumpa  Bed,  Breathe  Easy, 
Kid  Safe/Baby  Air,  Halo  Sleep  System,  and  Sleep  Guardian.  The  man- 
nequin was  positioned  prone  face-down  or  near-face-down.  The  sleep 
surfaces  were  studied  with  the  covering  sheet  taut,  covering  sheet  wrin- 
kled, and  with  the  mannequin  arm  positioned  up,  near  the  face.  MEA- 
SUREMENTS:. We  measured  the  fall  in  percentage  end-tidal  CO,  as  the 
reservoir  was  ventilated  with  the  piston  pump.  The  half-time  for  CO, 
dispersal  (t1/2)  is  an  index  of  the  ability  to  cause  or  prevent  rebreathing. 
RESULTS:  Compared  with  the  face-to-side  control,  5  of  6  surfaces  al- 
lowed a  significant  increase  in  t1/2  in  all  3  prone  scenarios.  The  firm 
mattress  and  4  of  the  5  surfaces  designed  to  prevent  rebreathing  consis- 
tently allowed  t1/2  above  thresholds  for  the  onset  of  CO,  retention  and 


lethal  rebreathing  in  an  animal  model  (J  Appl  Physiol  1995;78:740). 
CONCLUSIONS:  With  very  few  exceptions,  infants  should  be  placed 
supine  for  sleep.  For  infants  placed  prone  or  rolling  to  the  prone  position, 
significant  rebreathing  of  exhaled  air  would  be  likely  on  all  surfaces 
studied,  except  one. 

Neonatal  Assisted  Ventilation:  Predictors,  Frequency,  and  Duration 
in  a  Mature  Managed  Care  Organization — Wilson  A,  Gardner  MN, 
Armstrong  MA,  Folck  BF,  Escobar  GJ.  Pediatrics  2000  Apr;  105(4  Pt 
l):822-830. 

OBJECTIVES:  Reference  data  are  lacking  on  the  frequency  and  duration 
of  assisted  ventilation  in  neonates.  This  information  is  essential  for  de- 
termining resource  needs  and  planning  clinical  trials.  As  mortality  be- 
comes uncommon,  ventilator  utilization  is  increasingly  used  as  a  measure 
for  assessing  therapeutic  effect  and  quality  of  care  in  intensive  care 
medicine.  Valid  comparisons  require  adjustments  for  differences  in  a 
patient's  baseline  risk  for  assisted  ventilation  and  prolonged  ventilator 
support.  The  aims  of  this  study  were  to  determine  the  frequency  and 
length  of  ventilation  (LOV)  in  preterm  and  term  infants  and  to  develop 
models  for  predicting  the  need  for  assisted  ventilation  and  length  of 
ventilator  support.  METHODS:  We  performed  a  retrospective,  popula- 
tion-based cohort  study  of  77  576  inborn  live  births  at  6  Northern  Cal- 
ifornia hospitals  with  level  3  intensive  care  nurseries  in  a  group-model 
managed  care  organization.  The  gestational  age-specific  frequency  and 
duration  of  assisted  ventilation  among  surviving  infants  was  determined. 
Multivariate  regression  was  performed  to  determine  predictors  for  as- 
sisted ventilation  and  LOV.  RESULTS:  Of  77  576  inborn  live  births  in 
the  study,  11  199  required  admission  to  the  neonatal  intensive  care  unit 
and  of  these,  1928  survivors  required  ventilator  support.  The  proportion 
of  infants  requiring  assisted  ventilation  and  the  median  LOV  decreased 
markedly  with  increasing  gestational  age.  In  addition  to  gestational  age, 
admission  illness  severity,  5-minute  Apgar  scores,  presence  of  anoma- 
lies, male  sex,  and  white  race  were  important  predictors  for  the  need  for 
assisted  ventilation.  The  ability  of  the  models  to  predict  need  for  venti- 
lation was  high,  and  significantly  better  than  birth  weight  alone  with  an 
area  under  the  receiver  operating  characteristic  curve  of  0.90  versus  0.70 
for  preterm  infants,  and  0.88  versus  0.50  for  term  infants.  For  preterm 
infants,  gestational  age.  admission  illness  severity,  oxygenation  index, 
anomalies,  and  small-for-gestational  age  status  were  significant  predic- 
tors for  LOV,  accounting  for  60%  of  the  variance  in  the  length  of  assisted 
ventilation.  For  term  infants,  oxygenation  index  and  anomalies  were 
significant  predictors  but  only  accounted  for  29%  of  the  variance.  CON- 
CLUSIONS: Considerable  variation  exists  in  the  utilization  of  ventilator 
support  among  infants  of  closely  related  gestational  age.  In  addition,  a 
number  of  medical  risk  factors  influence  the  need  for,  and  length  of, 
assisted  ventilation.  These  models  explain  much  of  the  variance  in  LOV 
among  preterm  infants  but  explain  substantially  less  among  term  infants. 

Bronchopulmonary  Hygiene  Physical  Therapy  in  Bronchiectasis  and 
Chronic  Obstructive  Pulmonary  Disease:  A  Systematic  Review — 
Jones  A,  Rowe  BH.  Heart  Lung  2000  Mar;29(2):125-135. 

OBJECTIVES:  This  study  had  two  objectives:  (1)  to  examine  the  effects 
of  bronchopulmonary  hygiene  physical  therapy  on  patients  with  chronic 
obstructive  pulmonary  disease  and  bronchiectasis;  (2)  to  determine  any 
differences  between  manual  and  mechanical  techniques  for  bronchopul- 
monary hygiene  physical  therapy.  DESIGN:  The  study  design  was  a 
systematic  review  of  the  literature  that  used  an  exhaustive  search  for 
trials  and  review  methods  prescribed  by  the  Cochrane  Collaboration. 
Inclusion  Criteria:  Randomized  controlled  trials  examined  patient  groups, 
interventions,  and  dependent  variables.  PATIENTS:  Patients  included 
those  with  chronic  obstructive  pulmonary  diseases  (emphysema  or  chronic 
bronchitis)  or  bronchiectasis.  INTERVENTIONS:  Any  of  the  following 
interventions  or  combinations  thereof  were  included:  manual  interven- 
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NEW  VIDEOTAPES 


FROM 


1 


PROFESSOR'S  ROUNDS  IN  RESPIRATORY  CARE 


Assessing  the  Respiratory  Patient 

Helps  you  learn  proper  assessment  skills,  including  observation, 
interviewing,  physical  assessment.  Also  discusses  use  of  the  peak  flow 
meter,  pulse  oximeter,  and  chest  roentgenography  in  patient  assessment. 
Featuring  Woody  V.  Kageler,  MD,  and  David  J.  Pierson,  MD,  FAARC. 
90-min.  videotape. 
Item  VC91  $49.95  ($99.00  Nonmembers) 

Asthma:  Managing  the  Disease 

Takes  a  proactive  look  at  asthma  with  the  perspective  of  disease 
management.  You  will  learn  the  necessary  services  for  an  asthma  disease 
management  program,  how  to  cost-effectively  implement  them,  and  how 
to  measure  success  through  outcomes  measurement.  Featuring  Parti 
Joyner,  RRT,  CCM,  and  Gretchen  Lawrence,  BA,  RRT.  90-min.  videotape. 
Item  VC92  $49.95  ($99.00  Nonmembers) 

Ventilators  and  Their  Management 

This  program  discusses  the  efficacy  of  the  latest  mechanical  ventilation 
technology  and  techniques.  Discusses  overdistension  lung  injury,  PEEP  in 
the  avoidance  of  lung  injury,  strategy  to  improve  patient-ventilator 
synchrony,  and  the  role  of  the  ventilator  in  ventilator-associated  lung 
injury.  Featuring  Dean  R.  Hess,  PhD,  RRT,  FAARC,  and  Richard  D. 
Branson,  BS,  RRT.  90-min.  videotape. 
Item  VC93  $49.95  ($99.00  Nonmembers) 

The  Role  of  the  Disease  Manager 

Discusses  the  special  skills  that  are  required  to  manage  information  from 
the  multidisciplinary  team.  Topics  include  workplace  environment,  the 
needs  for  comprehensive  assessment  skills,  the  role  of  the  disease 
manager,  and  the  planning  and  implementation  process.  Featuring  Mari 
Jones,  MSN,  RN,  FNP,  RRT,  and  Richard  D.  Branson,  BS,  RRT.  90-min. 
videotape. 

Item  VC94  $49.95  ($99.00  Nonmembers) 

Coping  with  the  Pediatric  Emergency 

Provides  an  overview  of  how  to  assess  the  pediatric  patient.  Includes 
discussion  on  differences  in  anatomy  and  physiology  of  the  pediatric 
respiratory  system;  recognition  of  the  early  signs  of  respiratory  distress;  the 
equipment  and  preparation  needed  to  deal  with  respiratory  emergencies; 
and  the  priorities  for  management  of  pediatric  respiratory  emergencies. 
Featuring  Mark  J.  Heulitt,  MD,  FAAP,  FCCP,  and  Richard  D.  Branson,  BS, 
RRT.  90-min.  videotape. 

Item  VC95  $49.95  ($99.00  Nonmembers) 


The  Latest  Word  in  the  Treatment  of  COPD 

This  videotape  helps  you  understand  what  the  barriers  are  to  improved 

outcomes  in  COPD.  Discusses  the  role  of  viral  and  bacterial  infection 

in  COPD  exacerbation;  the  processes  for  clinical  pathways  development; 

and  the  appropriate  ventilator  management  strategies  in  severe  COPD. 

Featuring  Steve  Jenkinson,  MD,  and  Woody  V.  Kageler,  MD. 

90-min.  videotape. 

Item  VC96  $49.95  ($99.00  Nonmembers) 


PEEP:  The  State  of  the  Art 

Discusses  the  current  concepts 
that  relate  to  the  application  of 
positive  end-expiratory  pressure 
(PEEP).  Presents  discussions  on 
the  relationship  of  PEEP  to 
end-expiratory  lung  volume 
and  its  consequences  for  gas 
exchange  in  acute  lung 
injury  and  how  PEEP  can 
prevent  it;  the  benefits  of 
adding  PEEP  in  the  setting  of 
severe  airflow  obstruction 
and  dynamic  hyperinflation; 
and  the  selection  of  PEEP  and 
tidal  volume  for  ventilation  of 
the  injured  lung.  Featuring  John 
J.  Marini,  MD,  and  David  J. 
Pierson,  MD,  FAARC.  90-min. 
videotape. 

Item  VC97  $49.95  ($99.00  Nonmembers) 


New  Developments  in  Respiratory  Drugs, 
Medications,  and  Delivery  Devices 

Helps  you  identify  new  aerosolized  medications  for  the  treatment 

of  pulmonary  diseases,  their  indications,  contraindications,  and 

administration.  Also  discusses  the  advantages  and  disadvantages 

of  commonly  used  delivery  devices  for  aerosolization  of  drugs  and 

the  improvements  that  have  been  made  in  these  devices. 

Featuring  Joseph  L.  Rau,  PhD,  RRT,  FAARC  and  Richard  D.  Branson,  BS, 

RRT.  90-min.  videotape. 

Item  VC98  $49.95  ($99.00  Nonmembers) 
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Visit  www.aarc.org  for  all  your  respiratory  information  needs.  For  other  products  visit  www.aarc.org/professionaLresources/keys/ 


3  Step  Program  Helps  COPD  Patients 
During  National  Respiratory  Care  Week 

Celebrate  National  Respiratory  Care  Week  by  helping  those  with  Chronic  Obstructive 
Pulmonary  Disease  (COPD).  COPD  is  the  fourth  major  cause  of  death  in  the  United  States, 
so  the  AARC  has  teamed  with  NLHEP  to  you  help  to  promote  nationwide  public  health 
education  and  awareness. 

You  can  make  a  difference  by  providing  your  patients  and  the  public  with  information  about 
(  OPD-and,  help  prevent  the  disease  by  performing  public  spirometry  screenings. 

Step  1 :  Start  your  COPD  Awareness  Program 
and  Draw  Attention  with  Posters  and  Table  Tents 

"Test  Your  Lungs,  Know  Your  Numbers"  Poster  —  Use  this  colorful  poster  to  make  your  patients 
aware  of  COPD  and  advise  them  to  test  their  lungs  and  know  their  FEVj  and  FVC  numbers.  Full  color, 
8"  x  20."  Item  S29  S5.50  (Nonmembers  $11.00) 

Table  Tents  with  COPD  Information  —  These  3-sided  table  tents  feature  information  about 
respiratory  care  and  health  tips  for  COPD  patients.  Also  provides  an  area  that  you  can  personalize  with 
\our  RC  Week  events.  Item  S17  S12.25  (Nonmembers  $17.75) 

Step  2:  Now  that  You  Have  Their  Attention,  Perform  Spirometry 

"Test  for  COPD"  Forms  —  Ready-made  forms  for  public  health  screenings  for  COPD.  Includes  a 
basic  explanation  of  COPD  and  spirometry  along  with  5  screening  questions  and  space  for  FEVj  and 
I  VC  results.  Personalize  with  your  institution's  name.  Pad  of  50. 
Item  S38  $3.50  (Nonmembers  $7.00) 

While  they  are  waiting  in  line  for  the  spirometry  test,  give  them  the 

Respiratory  IQ  Quiz  Tests  on  COPD  -  Updated  for  2000 —  Inpatients  and  outpatients  alike  will  find 

this  "Check  Your  COPD  IQ  Test"  informative.  These  true-and-false  tests  include  answers  that  help  you 

inform  your  patients.  Conveniently  packaged  in  pads  of  50  sheets.  Item  R60  $7.50  (Nonmembers 

$10.00) 

Step  3:  Send  Them  Home  with  Knowledge  about  COPD 

Health  Tips  Sheets  -  Updated  for  2000  — These  one-page  fact  sheets  help  you  provide  important 

COPD  health  information  for  your  patients.  Conveniently  packaged  in  pads  of  50  sheets  so  you  can 

send  one  home  with  every  patient.  Topics  Include: 

Fating  Right:  Tips  for  the  COPD  Patient.  Item  R25  $7.50  (Nonmembers  $10.00) 

Exercising  Safely  with  COPD.  Item  R35  $7.50  (Nonmembers  $10.00) 

lessening  the  Effects  of  COPD.  Item  R36  $7.50  (Nonmembers  $10.00) 

Bookmarks  —  Handy  bookmark  gives  your  patients  a  carry-home  message  about  COPD  and  asthma. 
These  informative  bookmarks  are  always  at  the  ready  to  tell  your  patients  about  COPD.  Pass  them  out 
to  your  patients  or  distribute  at  health  fairs.  Pkg  of  10.  Item  S33  $3.50  (Nonmembers  $6.50) 

Wrist  Wrap  Wallet  —  A  wonderful  gift  for  your  COPD  patients.  Promotes  respiratory  health  and 
exercise  while  securing  keys  and  other  valuables.  Item  S13  $3.00  (Nonmembers  $5.50) 

Stickers  -  2"  stickers  promote  COPD  wellness.  Use  them  on  clothing,  letters,  or  envelopes.  "Test  Your 
I  ungs,  Know  Your  Numbers"  Sticker,  Pkg  of  50.  Item  S21  $5.00  (Nonmembers  $8.00) 

To  Order:  Call  972-406-4663 
With  MasterCard,  Visa,  or  Purchase  Order 
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Order  Total 

Ground 

AK,HI,PR 

Order  Total 

Ground 

AK.HI.PR 

S15  or  less 

$4.25 

$12.25 

$100.01  to  $150 

$10.25 

$30.75 

$15.01  to  $25 

$5.25 

$14.50 

$150.01  to  $200 

$12.25 

$33.00 

$25.01  to  $40 

$6.25 

$17.00 

$200.01  to  $250 

$14.25 

$39.00 

$40.01  to  $60 

$7.25 

$19.25 

$250.01  to  $300 

$16.25 

$44.00 

$60.01  to  $80 

$8.25 

$21 .50 

$300.01  to  $399.99 

$18.25 

$58.50 

$80.01  to  $100 

$9.25 

$25.00 

$400  or  more 

$20.25 

$64.50 

"Call  for  International  Rates  and  Express  Rates 
AARC  •  Order  Desk  -11030  Abies  Lane,  Dallas,  TX  75229  •  (972)  243-2272  •  Fax  (972)  484-2720 


MAKE  YOUR  CAREER 

.   SHINE 

BRIGHTER 


ARLINGTON  MEMORIAL  HOSPITAL 

800  W  Randol  Mill  Rd .  Arlington.  TX  760)2 
800/852-6761  or  81 7/548-6161  fAX  817/548-6166 


i  Respiratory  Therapist  -  FT.  3p-l  lp 


HARRIS  METHODIST  FORT  WORTH 

1301  Pennsylvania  Ave.  fort  Worm.  TX  76104 
817/882-3913  TAX  817/882-2865 


■  Respiratory  Therapist  -  FT  &  PRN.  12-hr  day 
&  night  shifts 


PRESBYTERIAN  HOSPITAL  OF  DALLAS 


214/345-4251  TAX  214/345  4003 


RRT  ■  NO 


PRESBYTERIAN  HOSPITAL  OF  KAUFMAN 
850  W  Highway  243  Kaufman  TX  75142 
972/932-7264.  TAX  972/932-7277 


•RRT-FT.  2:30p  - 1 1 :00p  -  cert,  requited 


PRESBYTERIAN  HOSPITAL  OF  WINNSB0R0 
719  West  Coke  ltd .  Wmnsboro  TX  75494 
903/342  -3960  TAX  903/342  3952 


•CRT-FT 
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Abstracts 


tions,  such  as  postural  drainage,  chest  percussion,  vibration,  chest  shak- 
ing, directed  coughing,  or  forced  exhalation  technique.  CONTROLS: 
Controls  of  the  study  were  as  follows:  no  intervention;  placebo;  cough- 
ing; and  mechanical  interventions,  such  as  mechanical  vibration.  RE- 
SULTS: The  search  identified  99  potential  trials;  inclusion  or  exclusion 
analysis  left  7,  which  examined  a  total  of  126  patients.  Mean  score  on 
trial  quality  was  1.4  (5  =  greatest).  Three  separate  trials  (N  =  51)  found 
statistically  significant  effects  for  bronchopulmonary  hygiene  physical 
therapy  on  sputum  production  and  radioaerosol  clearance.  No  trials  (N  = 
126)  found  statistically  significant  effects  on  pulmonary  function  vari- 
ables or  differences  between  manual  and  mechanical  techniques.  CON- 
CLUSIONS: Considering  the  small  sizes,  low  quality,  and  mixed  results 
from  the  trials,  the  research  on  bronchopulmonary  hygiene  physical  ther- 
apy is  inconclusive.  There  is  a  need  for  adequately  sized,  high-quality, 
randomized  controlled  trials  with  uniform  patient  populations  to  examine 
the  effects  of  bronchopulmonary  hygiene  physical  therapy. 

Intensive  Care  Unit  Syndrome:  A  Dangerous  Misnomer  (review) — 
McGuire  BE,  Basten  CJ,  Ryan  CJ,  Gallagher  J.  Arch  Intern  Med  2000 
Apr  10;160(7):906-909. 

The  terms  intensive  care  unit  (ICU)  syndrome  and  ICU  psychosis  have 
been  used  interchangeably  to  describe  a  cluster  of  psychiatric  symptoms 
that  are  unique  to  the  ICU  environment.  It  is  often  postulated  that  aspects 
of  the  ICU,  such  as  sleep  deprivation  and  sensory  overload  or  monotony, 
are  causes  of  the  syndrome.  This  article  reviews  the  empirical  support  for 
these  propositions.  We  conclude  that  ICU  syndrome  does  not  differ  from 
delirium  and  that  ICU  syndrome  is  caused  exclusively  by  organic  stres- 
sors on  the  central  nervous  system.  We  argue  further  that  the  term  ICU 
syndrome  is  dangerous  because  it  impedes  standardized  communication 
and  research  and  may  reduce  the  vigilance  necessary  to  promptly  inves- 
tigate and  reverse  the  medical  cause  of  the  delirium.  Directions  for  future 
research  are  suggested. 

Effect  of  Smoking  Cessation  on  Mortality  after  Myocardial  Infarc- 
tion: Meta-Analysis  of  Cohort  Studies — Wilson  K,  Gibson  N,  Willan 
A,  Cook  D.  Arch  Intern  Med  2000  Apr  10;160(7):939-944. 

OBJECTIVE:  To  determine  the  effect  of  smoking  cessation  on  mortality 
after  myocardial  infarction.  DATA  SOURCES:  English-  and  non-En- 
glish-language articles  published  from  1966  through  1996  retrieved  using 
keyword  searches  of  MEDLINE  and  EMBASE  supplemented  by  letters 
to  authors  and  searching  bibliographies  of  reviews.  STUDY  SELEC- 
TION: Selection  of  relevant  abstracts  and  articles  was  performed  by  2 
independent  reviewers.  Articles  were  chosen  that  reported  the  results  of 
cohort  studies  examining  mortality  in  patients  who  quit  vs  continued 
smoking  after  myocardial  infarction.  DATA  EXTRACTION:  Mortality 
data  were  extracted  from  the  selected  articles  by  2  independent  review- 
ers. DATA  SYNTHESIS:  Twelve  studies  were  included  containing  data 
on  5878  patients.  The  studies  took  place  in  6  countries  between  1949  and 
1988.  Duration  of  follow-up  ranged  from  2  to  10  years.  All  studies 
showed  a  mortality  benefit  associated  with  smoking  cessation.  The  com- 
bined odds  ratio  based  on  a  random  effects  model  for  death  after  myo- 
cardial infarction  in  those  who  quit  smoking  was  0.54  (95%  confidence 
interval,  0.46-0.62).  Relative  risk  reductions  across  studies  ranged  from 
15%  to  61%.  The  number  needed  to  quit  smoking  to  save  1  life  is  13 
assuming  a  mortality  rate  of  20%  in  continuing  smokers.  The  mortality 
benefit  was  consistent  regardless  of  sex,  duration  of  follow-up,  study  site, 
and  time  period.  CONCLUSION:  Results  of  several  cohort  studies  sug- 
gest that  smoking  cessation  after  myocardial  infarction  is  associated  with 
a  significant  decrease  in  mortality. 

Handwashing  Compliance  hy  Health  Care  Workers:  The  Impact  of 
Introducing  an  Accessible,  Alcohol-Based  Hand  Antiseptic — Bischoff 


WE,  Reynolds  TM,  Sessler  CN,  Edmond  MB,  Wenzel  RP.  Arch  Intern 
Med  2000  Apr  10;160(7):  1017-1021 . 

CONTEXT:  Under  routine  hospital  conditions  handwashing  compliance 
of  health  care  workers  including  nurses,  physicians,  and  others  (eg,  phys- 
ical therapists  and  radiologic  technicians)  is  unacceptably  low.  OBJEC- 
TIVES: To  investigate  the  efficacy  of  an  education/feedback  intervention 
and  patient  awareness  program  (cognitive  approach)  on  handwashing 
compliance  of  health  care  workers;  and  to  compare  the  acceptance  of  a 
new  and  increasingly  accessible  alcohol-based  waterless  hand  disinfec- 
tant (technical  approach)  with  the  standard  sink/soap  combination.  DE- 
SIGN: A  6-month,  prospective,  observational  study.  SETTING:  One- 
medical  intensive  care  unit  (ICU),  1  cardiac  surgery  ICU,  and  1  general 
medical  ward  located  in  a  728-bed,  tertiary  care,  teaching  facility.  PAR- 
TICIPANTS: Medical  caregivers  in  each  of  the  above  settings.  INTER- 
VENTIONS: Implementation  of  an  education/feedback  intervention  pro- 
gram (6  in-service  sessions  per  each-lCU)  and  patient  awareness  program, 
followed  by  a  new,  increasingly  accessible,  alcohol-based,  waterless  hand 
antiseptic  agent,  initially  available  at  a  ratio  of  1  dispenser  for  every  4 
patients  and  subsequently  1  for  each  patient.  MAIN  OUTCOME  MEA- 
SURE: Direct  observation  of  hand- washing  for  1575  potential  opportu- 
nities monitored  over  120  hours  randomized  for  both  time  of  day  and  bed 
locations.  RESULTS:  Baseline  handwashing  compliance  before  and  after 
defined  events  was  9%  and  22%  for  health  care  workers  in  the  medical 
ICU  and  3%  and  13%  for  health  care  workers  in  the  cardiac  surgery  ICU, 
respectively.  After  the  education/feedback  intervention  program,  hand- 
washing compliance  changed  little  (medical  ICU,  14%  [before]  and  25% 
[after];  cardiac  surgery  ICU,  6%  [before]  and  13%  [after]).  Observations 
after  introduction  of  the  new,  increasingly-accessible,  alcohol-based,  wa- 
terless hand  antiseptic  revealed  significantly-higher  handwashing  rates 
(p  <  0.05),  and  handwashing  compliance  improved  as  accessibility  was 
enhanced  before  19%  and  after  41%  with  1  dispenser  per  4  beds;  and 
before  23%  and  after  48%  with  1  dispenser  for  each  bed.  CONCLU- 
SIONS: Education/feedback  intervention  and  patient  awareness  programs 
failed  to  improve  handwashing  compliance.  However,  introduction  of 
easily  accessible  dispensers  with  an  alcohol-based  waterless  handwash- 
ing antiseptic  led  to  significantly  higher  handwashing  rates  among  health 
care  workers. 

Female  Gender  Associates  with  Increased  Duration  of  Intubation 
and  Length  of  Stay  after  Coronary  Artery  Surgery — Butterworth  J, 
James  R,  Prielipp  R,  Cerese  J,  Livingston  J,  Burnett  D.  CABG  Clinical 
Benchmarking  Database.  Anesthesiology  2000  Feb;92(2):4 14-424. 

BACKGROUND:  Females  have  worse  outcome  than  do  males  after 
coronary  artery  bypass  grafting;  however,  gender  effects  on  length  of 
stay  (LOS)  outcomes,  such  as  duration  of  intubation  or  intensive  care  unit 
(ICU)  LOS,  have  not  been  evaluated  previously.  The  authors  hypothe- 
sized that  adjustment  for  pertinent  preoperative  covariates  would  elimi- 
nate any  significant  effect  of  gender  on  duration  of  intubation,  LOS  in  the 
ICU  after  extubation,  total  ICU  LOS,  postoperative  (exclusive  of  ICU) 
LOS,  or  total  postoperative  LOS.  METHODS:  Patients  undergoing  elec- 
tive or  urgent  primary  coronary  artery  bypass  grafting  surgery  at  51 
academic  health  centers  in  1995  and  1997  were  studied.  Unique  multi- 
variable  statistical  models  were  developed  for  duration  of  intubation, 
ICU  LOS  after  extubation,  total  ICU  LOS,  and  postoperative  (exclusive 
of  ICU  and  total)  LOS  to  test  for  independent  associations  with  gender. 
Preoperative  but  not  intraoperative  or  postoperative  variables  were  in- 
cluded in  the  model.  P  a  0.01  was  considered  significant.  RESULTS:  All 
LOSs  were  of  significantly  longer  duration  in  females  than  in  males  in 
both  the  1995  (n  =  1,064)  and  1997  (n  =  910)  data  collections.  After 
covariate  adjustment,  female  sex  remained  associated  with  significantly 
longer  duration  ICU  LOS  and  total  postoperative  LOS  in  both  the  1995 
(female.male  ratios  1.30:1  and  1.13:1,  respectively)  and  the  1997  (fe- 
male:male  ratios  1.19:1  and  1.12:1,  respectively)  data  sets.  After  covari- 
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ate  adjustment,  duration  of  intubation  and  ICU  LOS  after  extubation 
were  of  significantly  longer  duration  in  women  than  men  in  1995  (fe- 
malermale  ratios  1.22:1  and  1.39:1,  respectively),  but  the  differences 
were  not  significant  in  1997.  CONCLUSIONS:  Even  in  the  context  of 
accelerated  recovery  programs,  these  analyses  show  that  female  sex  has 
powerful  associations  with  increased  LOS  intervals  for  coronary  artery 
bypass  grafting  surgery,  even  after  adjustment  for  preoperative  covari- 
ates.  These  effects  could  result  from  differences  in  the  ways  in  which 
men  and  women  respond  to  coronary  artery  disease,  anesthesia,  and 
coronary  artery  bypass  grafting  surgery,  or  to  bias  on  the  part  of  health- 
care workers. 

Combitube:  A  Study  for  Proper  Use — Urtubia  RM,  Aguila  CM,  Cum- 
sille  MA.  Anesth  Analg  2000  Apr;90(4):958-962. 

The  esophageal-tracheal  Combitube  (ETC;  Kendall-Sheridan  Catheter 
Corp.,  Argyle,  NY)  is  a  new  device  designed  for  difficult  airways  and 
emergency  intubation.  The  manufacturer  recommends  that  the  ETC  model 
37F  SA  be  used  in  patients  with  a  height  of  between  122  and  152  cm.  The 
aim  of  this  study  was  to  evaluate  whether  ventilation  is  effective  and 
reliable  in  patients  taller  than  152  cm  by  using  the  ETC  37F  SA  in  the 
esophageal  position.  Also,  we  evaluated  whether  the  airway  protection  is 
adequate  and  whether  direct  intubation  of  the  trachea  with  the  ETC 
inserted  in  the  esophagus  is  possible.  We  studied  25  anesthetized,  para- 
lyzed adult  patients,  150  to  180  cm  in  height.  Methylene  blue  was  given 
orally  to  all  patients  before  anesthesia  induction.  Under  direct  vision,  a 
ETC  37F  SA  was  inserted  in  the  esophagus  of  all  patients.  The  pharyn- 
geal balloon  inflation  volume  was  titrated  to  air  leak  and  cuff  pressures 
were  measured.  During  surgery,  a  laryngoscope  was  inserted  into  the 
pharynx  with  the  pharyngeal  balloon  deflated  and  the  laryngoscopy  view 
was  evaluated  by  using  the  Cormack-Lehane  scale.  The  presence  of 
methylene  blue  in  the  hypopharynx  was  investigated  by  direct  laryngo- 
scopy vision.  Ventilation  was  effective  and  reliable  in  all  25  patients 
who  were  150  to  180  cm  in  height(average  169  ±  7  cm).  In  addition,  a 
direct  relationship  between  the  pharyngeal  balloon  volume  and  patient 
height  was  established  (p  <  0.05),  by  using  linear  regression  models.  The 
laryngoscopy  view  of  the  glottis  was  adequate  to  allow  direct  tracheal 
intubation.  No  trace  of  methylene  blue  was  detected  in  the  hypopharynx. 
The  ETC  Model  37F  SA  may  be  used  in  patients  from  122  to  185  cm  in 


height.  The  trachea  could  be  directly  intubated  with  the  ETC  in  the 
esophageal  position  in  patients  with  normal  airways.  The  airway  protec- 
tion appears  to  be  adequate.  IMPLICATIONS:  The  esophageal-tracheal 
Combitube  Model  37F  SA  may  be  used  in  patients  from  122  to  185  cm 
in  height.  The  trachea  could  be  directly  intubated  with  the  Combitube  in 
esophageal  position  in  patients  with  normal  airways.  The  airway  protec- 
tion appears  to  be  adequate. 

Consequences  of  Discharges  from  Intensive  Care  at  Night — Goldfrad 
C,  Rowan  K.  Lancet  2000  Apr  1;355(9210):1 138-1 142. 

BACKGROUND:  It  is  generally  believed  that  pressure  for  beds  on  in- 
tensive care-units  (ICUs)  has  increased  in  the  UK.  This  study  used  dis- 
charge at  night  as  a  proxy  measure  to  investigate  pressure.  METHODS: 
Night  was  defined  in  two  ways:  "out  of  office  hours"  from  2200  to 
0659  h  and  "the  early  hours  of  the  morning"  from  0000  to  0459  h.  The 
rate  of  discharge  at  night  was  compared  for  21  295  adult  admissions  to 
62  ICUs  covering  the  period  1995-98  with  10806  admissions  to  26  ICUs 
covering  the  period  1988-90.  With  data  solely  from  1995-98,  the  conse- 
quences of  discharge  at  night  and  premature  discharge  were  investigated. 
FINDINGS:  Overall,  2269  (21.0%)  admissions  did  not  survive  the  ICU 
in  1988-90  compared  with  4487  (21.1%)  in  1995-98.  Of  ICU  survivors, 
2.7%  were  discharged  at  night  (2200-0659  h)  in  1988-90  compared  with 
6.0%  in  1995-98.  In  1995-98.  night  discharges  (2200-0659  h)  had  a 
higher  crude  (odds  ratio  1.46,  95%  CI  1.18-l.80)and  case-mix  adjusted 
(1.33,  1.06-1.65)  ultimate  hospital  mortality.  Higher  odds  ratios  were 
observed  when  the  definition  of  night  was  0000-0459  h.  Premature  dis- 
charge was  commoner  at  night,  42.6%  vs  5.0%  and  its  importance  was 
apparent  when  incorporated  into  the  logistic-regression  model  (premature 
discharge  1.35.  1.10-1.65;  night  discharge  1.17,0.92-1.49).  INTERPRE- 
TATION: Night  discharges  from  ICU  are  increasing  in  the  UK.  This 
practice  is  of  concern  because  patients  discharged  at  night  fare  signifi- 
cantly worse  than  those  discharged  during  the  day.  Night  discharges  are 
more  likely  to  be  "premature"  in  the  view  of  the  clinicians  involved.  The 
implication  of  these  results  is  that  many  hospitals  have  insufficient  in- 
tensive care  beds.  In  deciding  whether  or  not  to  invest  more  resources  in 
intensive  care  we  must,  however,  consider  the  cost-utility  of  this  partic- 
ular service  compared  with  other  ways  that  additional  resources  could  be 
used. 
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Bronchodilation  in  Mechanically  Ventilated  Patients: 
How  Much  Is  Enough  and  How  Best  to  Deliver? 


In  this  issue  of  Respiratory  Care.  Duarte  et  al  examine 
the  relative  effectiveness  of  aerosolized  /3  agonist  admin- 
istered to  mechanically  ventilated  patients  via  metered  dose 
inhaler  (MDI)  in  two  doses,  4  puffs  and  10  puffs  delivered 
with  an  in-line  spacer,  or  via  small-volume  nebulizer 
(SVN).1  In  this  excellent  prospective  randomized  trial,  the 
clinical  response,  as  measured  by  reductions  in  airway 
resistance  and  intrinsic  positive  end-expiratory  pressure, 
was  similar  for  2.5  mg  of  albuterol  via  SVN  and  4  puffs 
and  10  puffs  of  albuterol  via  MDI.  Maximum  responses 
were  reached  in  10  minutes,  and  pretreatment  values  re- 
turned after  4  hours.  To  my  knowledge,  this  is  the  first 
study  that  examines  the  duration  of  bronchodilation  in 
critically  ill  mechanically  ventilated  patients,  and  thus  jus- 
tifies the  common  practice  of  administering  aerosolized  0 
agonists  at  4-hour  intervals  in  this  patient  population. 


See  The  Original  Study  on  Page  8 1 7 


There  are  two  steps  that  impact  effectiveness  of  aerosol 
therapies:  production  and  delivery.  The  efficiency  of  pro- 
duction is  affected  by  the  specific  device  used  to  create  the 
aerosol  (nebulizer  vs  MDI).  On  a  gram-for-gram  basis,  it 
appears  that  administration  via  MDI  with  spacer  provides 
greater  percent  delivery  than  SVN.2  However,  this  differ- 
ence is  clinically  inconsequential,  since  by  simply  giving 
a  greater  dose  via  SVN,  maximal  and  equal  levels  of  bron- 
chodilation can  be  achieved.  The  current  study  reiterates 
this:  2.5  mg  of  albuterol  via  SVN  achieved  similar  maxi- 
mum responses  to  0.4  mg  (4  puffs)  and  1 .0  mg  ( 1 0  puffs) 
of  albuterol  via  MDI. 

Since  the  method  of  aerosol  production  doesn't  much 
matter  (assuming  proper  techniques  and  that  enough  is 
given),  the  second,  and  in  my  opinion  far  more  important 
step  is  the  precise  method  used  to  deliver  the  already- 
created  aerosol  to  the  airways.  The  casual  reader  should  be 
aware  that  Duarte  et  al1  and  some  previous  investigators2-3 
have  gone  to  great  lengths  to  achieve  conditions  that  op- 
timize aerosol  delivery.  In  the  current  study,  secretions 
were  removed  from  the  endotracheal  tube  before  treat- 
ments, patients  were  sedated  to  achieve  "passive  ventila- 
tion." as  determined  by  a  "smooth  convex  pressure  wave- 
form," and  patients  did  not  trigger  additional  breaths;  in 


other  words  they  achieved  patient-ventilator  synchrony 
with  what  is  essentially  control  ventilation.  In  my  inten- 
sive care  unit,  aerosols  are  rarely  administered/delivered 
during  such  conditions.  Moreover.  I  reject  the  notion  that 
we  should  increase  sedatives  and/or  muscle  relax  our  pa- 
tients to  achieve  such  conditions  for  the  sole  purpose  of 
maximizing  aerosol  delivery.  So  reader  beware:  these  ob- 
servations obtained  during  study  conditions  cannot  neces- 
sarily be  extrapolated  to  care  of  all  of  your  critically  ill 
patients. 

At  this  juncture  it  is  reasonable  to  summarize  what  we 
know  about  conditions  that  favor  greater  aerosol  delivery 
to  the  airways: 

1.  Patient-ventilator  synchrony.  This  is  probably  the 
single  most  important  factor,  but  no  randomized  study  has 
addressed  whether  clinical  effectiveness  is  superior  under 
the  ideal  conditions  described  above  than  in  patients  who 
can  trigger  the  ventilator  or  cough.  In  one  of  our  early 
studies,  we  purposely  did  not  sedate  patients  beyond  their 
normal  care  and  found  the  majority  of  clinical  effect  was 
achieved  after  5  puffs  (airway  resistance  decreased  by  1 1%) 
and  maximum  response  (airway  resistance  further  de- 
creased by  9%)  was  achieved  after  1 5  cumulative  puffs  of 
albuterol  administered  via  MDI  with  spacer.4  Therefore, 
under  nearly  ideal  clinical  circumstances,  4  puffs  of  albu- 
terol via  MDI  or  2.5  mg  of  albuterol  via  SVN  is  clearly 
enough;  but  in  less  than  ideal  circumstances,  greater  ad- 
ministered doses  may  be  required  to  achieve  the  maximum 
effect,  depending  upon  the  degree  of  patient- ventilator  syn- 
chrony and  the  other  factors  listed  below. 

2.  Humidification.  Studies  have  demonstrated  that  cir- 
cuit humidification  reduces  aerosol  delivery  by  roughly 
half,  compared  to  dry  circuit  conditions.5  However,  theo- 
retically, dry  gas  could  provoke  more  bronchospasm.  More- 
over, it  remains  unclear  to  me  whether  simply  turning  off 
the  humidifier  during  treatments,  leaving  the  circuit  tubing 
moist/wet,  actually  achieves  delivery  equal  to  purely  dry 
conditions  that  can  be  produced  in  bench  models. 

3.  Lower  inspiratory  flows.  The  data  are  very  convinc- 
ing that  lower  inspiratory  flow  regimes  improve  aerosol 
delivery  to  the  airways.5  However,  therapists  should  take 
great  care,  if  they  use  lower  inspiratory  flows,  to  do  so 
only  during  treatments  and  to  monitor  static  airway  pres- 
sures carefully,  since  lower  inspiratory  flows  favor  dy- 
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namic  hyperinflation  that  can  be  acutely  life-threatening  to 
severely  bronchospastic  patients. 

To  date,  there  are  no  data  to  demonstrate  MDI  effec- 
tiveness if  used  without  an  in-line  spacer,  and  the  best- 
studied  spacers  to  date  are  those  produced  by  Monaghan 
Medical.2-5  The  reader  should  be  aware  that  Monaghan 
provided  monetary  support  for  one  of  my  previous  stud- 
ies.4 I  suspect,  and  there  is  evidence,  that  other  spacers  can 
also  be  effective.6  But  to  simply  assume  that  other  spacers 
are  effective  in  the  absence  of  data  could  lead  to  com- 
pletely ineffective  treatments,  as  we  showed  in  our  earliest 
study.7  In  aerosol  treatments,  "the  devil  is  in  the  details"; 
practitioners  should  assume  nothing  and  require  data  to 
demonstrate  effectiveness  for  all  devices  and  techniques 
used  in  the  clinical  arena.  We  have  also  learned  that  when 
MDIs  are  used,  actuation  every  15  seconds  is  equivalent  to 
every  minute.5 

What  doesn't  work?  Some  data  suggest  that  inspiratory 
pauses  do  not  enhance  aerosol  delivery.6  Also,  I  have  been 
very  concerned  that  some  in-line  suctioning  devices  used 
in  most  intensive  care  units  trap  significant  amounts  of 
aerosol.8  Studies  are  required  to  determine  which,  if  any, 
in-line  suction  devices  impede  aerosol  delivery;  until  such 
time,  practitioners  should  consider  removing  them  during 
treatments  when  it  is  vital  that  aerosols  reach  the  airways 
(as  in  severe  status  asthmaticus). 

Finally,  continuous  nebulization  is  used  at  some  insti- 
tutions for  patients  with  severe  asthma.  Anecdotally,  I  have 
arrived  to  work  to  find  intubated  patients  with  status  asth- 
maticus receiving  up  to  15  mg/h  of  aerosolized  albuterol, 
with  resulting  tachycardia  and  lactic  acidosis.  There  are  no 
data  to  suggest  that  flooding  severely  asthmatic  patients 
with  6  agonists  improves  their  outcomes  (or  even  hastens 
reduction  of  airway  resistance).  Continuous  nebulization 
can  "sneak  up"  on  the  patient  and,  before  it  is  realized,  the 
patient  has  received  several  hundred  milligrams  and  ex- 
hibits overt  0  agonist  toxicity.  Without  question,  6  ago- 
nists are  important  treatments  for  patients  with  status  asth- 
maticus, but  clinicians  must  remain  aware  of  cumulative 
doses  and  the  signs  of  systemic  toxicity. 

With  all  that  background,  what  do  I  suggest?  In  general, 
I  favor  common  sense  (foremost)  and  a  data-driven  ap- 
proach. I  view  MDI  and  SVN  as  equivalent  if  used  prop- 
erly, and  in  our  hospital  the  two  are  of  roughly  equal  cost 
when  labor  costs  are  factored  into  calculations.  Since  MDI 
has  some  nuances  that  require  additional  therapist  profi- 
ciency, we  primarily  use  SVN,  thereby  reducing  the  num- 


ber of  variables  that  could  negatively  impact  results.  Most 
importantly,  we  encourage  our  therapists  to  measure  air- 
way resistance  before  and  after  treatments,  to  assure  an 
effect.  There  is  no  use  in  wasting  the  therapists'  time  in  the 
absence  of  demonstrated  benefit  to  the  patient.  Finally,  an 
important  question  remains  unanswered,  in  that  broncho- 
dilators  are  used  in  many  patients  without  life-threatening 
bronchospasm.  Do  these  treatments  actually  impact  out- 
come? There  are,  to  date,  no  data  to  answer  that  question, 
so  the  overall  cost-benefit  ratio  of  aerosol  therapies  should 
be  considered  for  each  individual  patient. 

Constantine  A  Manthous  MD 

Bridgeport  Hospital 

Bridgeport,  Connecticut 

Yale  University  School  of  Medicine 

New  Haven,  Connecticut 
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Bronchodilator  Therapy  with  Metered-Dose  Inhaler  and  Spacer 
Versus  Nebulizer  in  Mechanically  Ventilated  Patients:  Comparison  of 

Magnitude  and  Duration  of  Response 

Alexander  G  Duarte  MD,  Keith  Momii  RRT,  and  Akhil  Bidani  MD  PhD 


OBJECTIVE:  Four-hour  comparison  of  the  bronchodilator  response  of  albuterol  administered  via 
metered-dose  inhaler  (MDI)  with  spacer  versus  small-volume  nebulizer  (SVN)  to  mechanically 
ventilated  patients  with  chronic  obstructive  pulmonary  disease  (COPD).  DESIGN:  Prospective 
randomized  clinical  trial.  SETTING:  Medical  intensive  care  unit  in  a  university  hospital.  PA- 
TIENTS: Thirteen  mechanically  ventilated  COPD  patients.  INTERVENTION:  Albuterol  admin- 
istration of  4  puffs  (0.4  mg)  or  10  puffs  (1.0  mg)  via  MDI  with  spacer  or  2.5  mg  via  SVN  to 
mechanically  ventilated  patients  in  order  to  assess  the  bronchodilator  response  over  4  hours. 
MEASUREMENTS  AND  RESULTS:  Mechanically  ventilated  patients  were  enrolled  in  a  random- 
ized crossover  study  wherein  one  group  received  4  puffs  (0.4  mg)  or  2.5  mg  of  albuterol  and  another 
group  received  10  puffs  (1.0  mg)  or  2.5  mg  of  albuterol  on  separate  days.  Respiratory  mechanics 
measurements  were  obtained  over  4  hours.  Total  airway  resistance  declined  by  14.4  ±  3.8%  after 
4  MDI  puffs,  18.3  ±  1.8%  after  10  MDI  puffs,  or  13.7  ±  2.6%  after  2.5  mg  via  SVN,  compared  to 
baseline  (p  <  0.01).  After  albuterol  delivery,  airway  resistance  remained  improved  for  90-120 
minutes  (p  <  0.05)  and  returned  to  baseline  by  4  hours  with  all  treatments.  CONCLUSION:  The 
airway  response  to  albuterol  administration  via  MDI  and  SVN  to  mechanically  ventilated  patients 
was  similar  in  magnitude  and  duration,  returning  to  baseline  by  240  minutes.  In  stable,  mechan- 
ically ventilated  COPD  patients,  albuterol  may  be  administered  via  MDI  with  spacer  or  via  SVN 
every  4  hours.  [Respir  Care  2000;45(7):8 17-823]  Key  words:  bronchodilator,  albuterol,  obstructive 
lung  disease,  inhalation  therapy,  aerosols,  mechanical  ventilation. 


Background 

Inhaled  bronchodilators  are  frequently  used  in  the  man- 
agement of  mechanically  ventilated  patients  because  this 
route  of  administration  provides  the  greatest  benefit  with 
the  least  adverse  effects.  Bronchodilators  have  tradition- 
ally been  delivered  via  small-volume  nebulizer  (SVN), 
although  factors  related  to  cost  and  convenience  support 
the  use  of  metered-dose  inhaler  (MDI)  administration  to 
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ventilator-supported  patients.'  Several  investigators  have 
conducted  randomized,  controlled  trials  of  limited  dura- 
tion comparing  bronchodilator  delivery  via  SVN  and  MDI 
to  intubated,  mechanically  ventilated  patients.2-4  However, 
concerns  were  raised  regarding  stability  of  the  radioiso- 
tope, the  heterogeneous  nature  of  the  patient  populations, 
and  the  techniques  of  delivery,  thereby  making  interpre- 
tation of  these  studies  difficult.5 

See  The  Related  Editorial  on  Page  815 


Recommendations  by  a  panel  of  experts  regarding  dos- 
ing of  inhaled  bronchodilators  to  intubated,  mechanically 
ventilated  patients  suggested  individualizing  therapy  ac- 
cording to  the  severity  of  disease  through  "dose  increas- 
es. . .  titrated  to  carefully  monitored  objective  responses."6 
Though  titration  to  a  physiologic  response  is  appealing, 
tachyarrhythmias  have  been  reported  with  this  approach.3 
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Furthermore,  several  investigators  have  reported  signifi- 
cant dose  responses  to  inhaled  bronchodilator  administra- 
tion via  either  MDI  or  SVN.79  These  reports  have  assisted 
in  the  formulation  of  guidelines  for  bronchodilator  deliv- 
ery to  ventilator-supported  patients.  However,  there  are 
little  data  addressing  the  duration  of  action.5  Accordingly, 
we  conducted  a  prospective,  randomized,  controlled  trial 
to  compare  the  airway  response  of  albuterol  administration 
via  MDI  with  spacer  and  via  SVN  over  a  4-hour  interval 
in  mechanically  ventilated  patients  using  a  standard  ven- 
tilator setup. 


Materials  and  Methods 


Patients 


Thirteen  patients  with  chronic  obstructive  pulmonary 
disease  (COPD),  as  defined  by  the  American  Thoracic 
Society  guidelines,  were  enrolled  in  the  study.10  The  eti- 
ologies of  acute  respiratory  failure  were  upper  respiratory 
tract  infection  (n  =  8),  pneumonia  (n  =  2),  airway  ob- 
struction (/?  =  2),  and  pulmonary  embolism  (n  =  1).  Pul- 
monary function  studies  were  available  for  5  patients  (mean 
forced  expiratory  volume  in  the  first  second  [FEV,]  = 
1.01  mL,  range  0.48-1.63  mL).  The  mean  age  was  63  ± 
3  years,  with  the  majority  being  male  (Table  1).  Less  than 
one  third  of  the  group  (4/13)  were  previously  intubated  for 
respiratory  failure,  and  9/13  had  been  prescribed  domicil- 
iary oxygen  within  the  past  3  months.  Patients  were  stud- 
ied during  stable  phases  of  their  intensive  care  unit  courses, 
and  those  with  a  history  of  asthma,  angina,  life  threatening 
arrhythmias,  myocardial  infarction  within  the  past  3 
months,  or  hemodynamic  instability  were  excluded.  The 
diagnosis  of  asthma  was  based  on  the  medical  history,  and 
because  pulmonary  function  studies  were  not  available  for 
all  patients,  it  is  conceivable  that  some  patients  with  asthma 
may  have  been  enrolled.  All  patients  received  intravenous 
steroids  as  part  of  their  medical  regimen,  and  one  patient 
received  an  aminophylline  infusion.  The  study  was  ap- 

Table  I.      Patient  and  Mechanical  Ventilator  Profile* 


Age  (y) 

VT  (mL) 

f  (breaths/mini 

V,.  (L/min) 

Fl(); 

T,(s) 

TE  (s) 

■  / '  i  <  >  r 


63    ±  3 

630   ±  22 

12.0   ±0.4 

7.5    ±  0.4 

0.35   ±  0.03 

0.65    ±  0.01 

4.50   ±  0.02 

0.13   ±0.01 


■Values  arc  mean  -   standard  error. 

Vr  =  tidal  volume,  f  =  respiratory  frequency.  V,:  -  minute  ventilation.  F1l>2  =  fraction  of 
inspired  njiygcn.  T(  -  inspiratory  time.  Tf.       expiratory  time.  T/l'rm  =  duty  cycle  (ratio  of 
inspiratory  lime  to  total  breathing  cycle  time). 


proved  by  the  investigational  review  board,  and  signed, 
written,  informed  consent  was  obtained  from  all  patients. 

Protocol 

Mechanical  ventilation  was  instituted  with  a  Bear  1000 
ventilator  (Bear  Medical  Systems,  Riverside,  California) 
using  constant  inspiratory  flow  and  volume.  Inspired  gas 
was  heated  to  35  ±  1°  C  and  humidified  to  98  ±  2% 
relative  humidity  using  a  heated-wire  circuit  (Isothermal 
circuit,  Allegiance  Healthcare,  McGaw  Park,  Illinois) 
throughout  the  study.  Bronchodilators  were  withheld  4 
hours  prior  to  the  study.  Prior  to  commencing,  tracheal 
secretions  were  removed  from  the  endotracheal  tube.  Pa- 
tients were  sedated  with  continuous  infusions  of  loraz- 
epam  (n  =  10)  or  propofol  (n  =  3)  and  received  the  same 
form  of  sedation  during  the  two  arms  of  the  study.  Passive 
ventilation  was  achieved  by  increasing  delivered  tidal  vol- 
ume (VT)  to  500-1000  mL.  Passive  ventilation  was  de- 
fined as  absence  of  a  negative  deflection  in  the  pressure 
tracing  prior  to  inspiration,  a  smooth  convex  pressure  wave- 
form, and  matching  ventilator  and  patient  respiratory  rate. ' ' 
A  randomized  crossover  design  was  used,  whereby  pa- 
tients were  randomly  selected  to  receive  albuterol  via  MDI 
or  SVN  (Misty-Neb,  Allegiance  Healthcare,  McGaw  Park. 
Illinois)  on  Day  1,  followed  by  the  alternate  method  of 
administration  24  hours  later.  Patients  selected  to  receive 
albuterol  via  MDI  were  randomly  assigned  to  receive  4 
puffs  (0.4  mg)  or  10  puffs  (1.0  mg)  via  a  chamber  style 
spacer  (Aerovent,  Monaghan  Medical,  Plattsburgh.  New 
York).  All  but  one  patient  received  albuterol  via  MDI  and 
SVN,  and  that  patient  received  medication  only  via  MDI. 
The  albuterol  MDI  canister  (Glaxo  Wellcome,  Research 
Triangle  Park,  North  Carolina)  (manufacturer-estimated 
dose  of  100  /xg/puff)  was  warmed  to  hand  temperature, 
well  shaken,  primed,  and  discharged  into  the  Aerovent 
chamber,  which  was  in  the  inspiratory  limb  of  the  venti- 
lator circuit  10  cm  from  the  endotracheal  tube.  Each  ac- 
tuation was  performed  at  the  onset  of  inspiration,  with 
successive  doses  actuated  from  the  MDI  at  30-second  in- 
tervals. The  SVN  (Misty-Neb)  was  attached  to  the  venti- 
lator circuit  30  cm  from  the  endotracheal  tube.  The  neb- 
ulizer cup  was  filled  with  2.5  mg  of  albuterol  sulfate  and 
normal  saline  (Dey  Laboratories,  Napa.  California)  (for  a 
total  volume  of  3  mL)  and  driven  by  an  external  gas  com- 
pressor at  50  psi.  The  SVN  was  operated  continuously  at 
a  flow  of  6  L/min  and  intermittently  tapped  until  it  sput- 
tered without  interruption. 

Airway  Measurements 

Once  passive  ventilation  was  achieved,  airway  measure- 
ments were  obtained  using  a  respiratory  monitor  (BiCore, 
Irvine,  California).  Pressure,  flow,  and  volume  measure- 
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merits  were  collected  using  a  precalibrated  pneumotacho- 
graph attached  to  the  end  of  the  endotracheal  tube.  The 
pressure  and  flow  signals  were  continuously  digitized  at 
50  and  100  Hz,  respectively,  using  a  12-bit  analog-to- 
digital  converter  linked  to  a  computer,  and  were  stored  for 
later  analysis.  Airway  measurements  were  obtained  prior 
to  administration  and  at  10,  30,  60,  90,  120,  150,  180,  210, 
and  240  minutes  after  albuterol  administration.  Airway 
measurements  consisted  of  5-8  rapid  end-inspiratory  and 
end-expiratory  airway  occlusions  performed  during  the  pre- 
viously mentioned  time  points.  Heart  rate,  blood  pressure, 
oxygen  saturation,  and  cardiac  rhythm  were  continuously 
monitored  and  recorded. 


Table  2.      Baseline  Pulmonary  Mechanics* 


MDI 

MDI 

SVN 

0.4  mg 

1.0  mg 

2.5  mg 

Rrsmax  (cm  H,0/L/s) 

18.0  ±  1.3 

18.1  ±  1.3 

18.4  ±  1.2 

Rrsmln  (cm  H20/L/s) 

16.1  ±  1.3 

16.8  ±  1.1 

16.7  ±  1.1 

ARrs  (cm  H20/L/s) 

1.9  ±0.5 

1.4  ±0.8 

1.7  ±0.8 

Cs,  (mL/cm  H20) 

28  ±6 

32  ±  8 

29  ±4 

PEEP,  (cm  H20) 

9.4  ±  2.4 

18.1  ±  1.5t 

12.9  ±2.3 

♦Values  are  mean  ±  standard  error.  Rrs,,^  =  maximum  airway  resistance.  Rrs^n  ■ 
minimum  airway  resistance.  ARrs  =  tissue  resistance,  time  constant  differences.  C„  = 
compliance.  PEEPj  =  intrinsic  positive  end-expiratory  pressure. 
t0.4  mg  vs  1.0  mg.  p  <  0.01. 


Respiratory  Mechanics  Calculations 


Results 


Representative  breaths  were  selected  and  studied  to  de- 
termine the  corresponding  airway  pressures.  During  an 
end-inspiratory  occluded  breath,  peak  and  plateau  airway 
pressures  were  determined.  Initial  pressure  was  obtained 
by  intersection  of  the  peak  airway  pressure  and  a  tangent 
back-extrapolated  from  the  plateau  pressure."12  Intrinsic 
positive  end-expiratory  pressure  (PEEP,)  was  determined 
as  the  static  pressure  during  an  end-expiratory  occlusion. 
Total  or  maximum  airway  resistance  (Rrsmax)  was  calcu- 
lated as  the  difference  between  peak  and  plateau  pressures, 
divided  by  the  inspiratory  flow.  The  ohmic  resistance  of 
the  airway  or  minimum  airway  resistance  (Rrsmin)  was 
calculated  as  the  difference  between  peak  and  initial  pres- 
sures, divided  by  the  inspiratory  flow.  Resistance  (ARrs) 
resulting  from  tissue  viscoelastance  and  time  constant  dif- 
ferences was  calculated  as  the  difference  between  Rrsmax 
and  Rrsmin.  The  percent  change  in  resistance  was  calcu- 
lated as  the  difference  between  the  pre-bronchodilator  and 
post-bronchodilator  values  divided  by  the  pre-bronchodi- 
lator value.  Static  lung  compliance  was  calculated  as  the 
delivered  VT  divided  by  the  difference  between  plateau 
pressure  and  PEEP,.  Calculations  were  performed  for  each 
timed  measurement  point. 

Statistical  Analysis 

Results  are  expressed  as  mean  ±  standard  errors.  Re- 
spiratory mechanics  measurements  and  vital  signs  prior  to 
drug  administration  were  compared  with  values  obtained 
after  albuterol  administration,  using  one-way  analysis  of 
variance  (ANOVA)  with  repeated  measures  and  the  Tukey 
test  for  multiple  comparisons  between  individual  means, 
when  appropriate.  Comparison  of  the  changes  in  respira- 
tory mechanics  on  Day  1  and  Day  2  was  performed  using 
ANOVA.  Statistical  analysis  was  performed  using  Sigma- 
Stat  for  Windows.  Version  2.0  (Jandel,  San  Rafael,  Cali- 
fornia). 


Baseline  airway  resistances  were  similar  among  the 
groups  (p  >  0.7)  (Table  2).  The  greatest  decrease  in 
Rrsmax  occurred  10  minutes  after  albuterol  administration 
of  4  puffs  (0.4  mg)  or  10  puffs  (1.0  mg)  via  MDI  with 
spacer  or  2.5  mg  via  SVN  (p  <  0.01)  (Fig.  1).  Following 
administration  of  4  puffs  or  10  puffs  via  MDI  or  2.5  mg 
via  SVN,  Rrsmax  decreased  by  14.4  ±  3.8%,  18.3  ±  1.8%, 
and  13.7  ±  2.6%,  respectively,  compared  to  baseline 
(p  <  0.01).  The  decrease  in  Rrsmax  was  5-33%  after  4 
puffs,  5-22%  after  10  puffs,  and  3-33%  after  2.5  mg  of 
albuterol.  Similarly,  minimum  (or  the  true  ohmic)  airway 
resistance  (Rrsmin)  decreased  significantly  after  4  puffs 
(decrease  of  15.9  ±  4.6%),  10  puffs  (decrease  of  19.8  ± 
2.5%),  or  2.5  mg  (decrease  of  14.5  ±  2.5%),  compared  to 
baseline  (p  <  0.01)  (Fig.  2).  Compared  to  baseline,  there 
was  no  significant  difference  in  the  mean  maximum  per- 
cent decrease  in  Rrsmax  and  Rrsmin  following  either  MDI 
or  SVN  administration. 

Total  Rrsmax  remained  significantly  decreased  for  90- 
120  minutes  after  4  puffs,  10  puffs,  or  2.5  mg  via  SVN 
(p  <  0.05)  (see  Fig.  1).  By  240  minutes  after  MDI  or  SVN 
delivery,  Rrsmax  returned  to  baseline  (see  Fig.  1).  Simi- 
larly, Rrsmin  remained  significantly  decreased  90-120  min- 
utes after  albuterol  delivery,  and  returned  to  baseline  by 
240  minutes.  A  comparison  of  the  percent  decrease  in 
airway  resistance  among  the  three  groups  revealed  no  sig- 
nificant difference  with  respect  to  albuterol  dose  over  time 
(p  >  0.05). 

Baseline  PEEP,  was  greater  in  the  group  receiving  10 
puffs  of  albuterol  than  in  the  group  receiving  4  puffs  (p  < 
0.01)  or  2.5  mg  via  SVN  (not  significant).  Compared  to 
baseline,  PEEP,  declined  significantly  with  administration 
of  4  puffs,  10  puffs,  or  2.5  mg  of  albuterol,  with  the 
greatest  decrease  occurring  10  minutes  after  albuterol  de- 
livery (p  <  0.05).  PEEP,  remained  significantly  dimin- 
ished 90  minutes  after  drug  delivery  with  either  dose  or 
device  (p  <  0.05).  Compared  to  baseline,  ARrs  did  not 
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Fig.  1.  Change  in  total  (or  maximum)  airway  resistance  (Rrsmax) 
after  albuterol  administration  of  (top)  4  puffs  (0.4  mg)  via  MDI  with 
spacer,  (middle)  10  puffs  (1.0  mg)  via  MDI  with  spacer,  and 
(bottom)  2.5  mg  via  SVN,  in  ventilator-supported  COPD  patients. 
Rrsmax  significantly  declined  from  baseline  (p  <  0.01)  and  the  re- 
sponse was  sustained  for  120  minutes  (p  <  0.05),  returning  to 
baseline  within  240  minutes  of  MDI  or  SVN  albuterol  administra- 
tion. The  airway  response  was  similar  for  albuterol  dose  or  delivery 
device.  Values  are  means  and  error  bars  represent  standard  error 
of  the  mean. 
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Fig.  2.  The  effect  on  minimum  airway  resistance  (Rrsmin)  after  al- 
buterol administration  of  (top)  4  puffs  (0.4  mg)  via  MDI  with  spacer, 
(middle)  10  puffs  (1.0  mg)  via  MDI  with  spacer,  and  (bottom)  2.5 
mg  via  SVN  to  mechanically  ventilated  COPD  patients.  A  signifi- 
cant decline  in  Rrsmln  occurred  at  10  minutes  and  was  sustained 
for  120  minutes,  returning  to  baseline  within  240  minutes  of  MDI  or 
SVN  albuterol  administration.  The  airway  response  was  similar 
among  the  albuterol  doses  and  delivery  devices.  Values  are  means 
and  error  bars  represent  standard  error  of  the  mean. 


decline  significantly  after  MDI  or  SVN  albuterol  delivery. 
There  was  no  significant  change  in  static  lung  compliance 
following  MDI  or  SVN  albuterol  administration.  After  al- 
buterol delivery,  heart  rate,  blood  pressure,  and  oxygen 
saturation  were  not  significantly  different  than  baseline 
values  (Table  3). 


Discussion 

Although  several  investigators  have  examined  the  ac- 
tion of  inhaled  bronchodilators  in  mechanically  ventilated 
patients,  we  were  interested  in  evaluating  the  duration  of 
bronchodilator  response  over  4  hours.  We  conjectured  that 
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Table  3.      Patient  Hemodynamics  and  Oximetry  Profile* 


MDI 

-0.4 

mg 

MDI 

1.0 

mg 

SVN 

2.5 

mg 

Baseline 

10  min 

Baseline 

10  min 

Baseline 

10  min 

HR  (beats/min) 
MAP  (mm  Hg) 
Spo,  (%) 

77.8  ±5.1 

86.4  ±  2.8 
98.0  ±  0.4 

dard  error, 
mean  arterial  pressure.  Spo,  = 

arteria 

76.8  ±  5.9 
87.1  ±  2.7 
97.7  ±  0.5 

oxygen  saturation 

measured 

89.7  ±  6.8 
93.5  ±  6.6 

97.8  ±  0.7 

via  pulse  oximetry. 

91.2  ±5.4 
88.5  ±  5.9 
97.4  ±  0.8 

77.7  ±  5.2 
86.5  ±  5.1 
97.4  ±  0.5 

79.4  ±  5.0 
89.2  ±  5.0 
97.1  ±0.7 

♦Values  are  mean  ±  Stan 
HR  =  heart  rale  MAP  = 

in  mechanically  ventilated  COPD  patients  the  duration  of 
bronchodilator  response  would  be  different  than  in  nonin- 
tubated  patients  because  of  differences  in  aerosol  admin- 
istration, the  presence  of  an  endotracheal  tube,  or  differ- 
ence in  the  degree  of  airway  inflammation.  To  our 
knowledge,  a  study  of  the  bronchodilator  response  beyond 
2  hours  in  ventilator-supported  patients  has  not  been  pre- 
viously conducted.  Several  groups  have  evaluated  the  bron- 
chodilator response  in  ventilator-dependent  patients  for  30- 
120  minutes  following  MDI  or  SVN  delivery.347913-16 
However,  it  was  unclear  from  these  reports  whether  the 
bronchodilator  duration  of  action  would  persist  beyond 
120  minutes  in  ventilator-supported  patients.  In  the  present 
study,  we  observed  a  significant  decrease  in  airway  resis- 
tance for  1 20  minutes,  and  resistance  returned  to  baseline 
within  240  minutes  of  albuterol  delivery.  This  bronchodi- 
lator response  profile  differs  from  a  previous  report  in 
nonintubated  COPD  or  asthma  patients.17  Our  findings 
serve  as  a  useful  guide  in  establishing  bronchodilator  dos- 
ing schedules  in  stable,  mechanically  ventilated  COPD 
patients.  However,  rigid  application  of  this  dosing  regimen 
to  every  ventilator-supported  patient  would  be  too  simplis- 
tic, and  under  other  circumstances  more  frequent  dosing 
may  be  required. 

Another  finding  was  the  similar  bronchodilator  response 
profiles  following  delivery  of  0.4  mg  via  MDI  and  2.5  mg 
of  SVN  albuterol  to  mechanically  ventilated  patients.  The 
maximum  airway  resistance  at  baseline  was  comparable  to 
previously  reported  values  in  mechanically  ventilated  pa- 
tients.7 "  Similarly,  other  authors  have  reported  a  rapid 
onset  of  action  following  bronchodilator  administration.13-1518 
However,  direct  comparison  studies  examining  the  peak 
airway  response  after  MDI  and  SVN  bronchodilator  ad- 
ministration to  mechanically  ventilated  patients  have 
yielded  various  results.2-414  Recently,  Guerin  et  al  reported 
similar  decreases  in  Rrsmax  30  minutes  after  MDI  or  SVN 
administration  of  fenoterol  and  ipratropium  to  ventilator- 
supported  COPD  patients.14  They  observed  a  decline  in 
resistance  (ARrs)  because  of  tissue  viscoelasticity  and  time 
constant  differences  following  SVN  administration,  and 
concluded  this  was  due  to  greater  peripheral  pulmonary 
drug  deposition.  We  observed  a  decrease  in  Rrsmax  but  no 


decline  in  ARrs  following  MDI  or  SVN  albuterol  admin- 
istration. The  observed  differences  between  the  studies 
may  be  because  Guerin  et  al14  simultaneously  delivered  a 
/3  agonist  and  anticholinergic  solution,  producing  a  central 
and  peripheral  airway  response.  Additionally,  had  the  peak 
anticholinergic  effect  been  assessed  at  60  minutes  rather 
than  at  30  minutes,  a  similar  finding  may  have  been  noted 
following  MDI  and  SVN  administration.  Nonetheless,  a 
clinically  significant  airway  response  may  be  obtained  by 
selection  of  an  efficient  aerosol  delivery  device  in  con- 
junction with  a  reliable  technique  of  administration. 

We  speculate  that  the  resemblance  between  the  response 
profiles  following  0.4  mg,  1.0  mg,  and  2.5  mg  of  albuterol 
may  be  related  to  the  shallowness  of  the  bronchodilator 
dose  response  curve.  There  are  also  other  factors  to  ex- 
plain this  observation,  such  as  the  genetics  of  the  j3  recep- 
tor, drug  distribution,  and  deposition  in  the  lower  airways. 
Lack  of  further  significant  bronchodilator  effect  with  in- 
creasing doses  of  inhaled  )3  agonist  is  characteristic  of  the 
log-linear  response,  such  that  a  10-fold  increase  in  the 
dose  is  required  to  achieve  a  doubled  effect.19  Further- 
more, other  investigators  have  demonstrated  that  the  ad- 
dition of  doses  exceeding  2.5  mg  of  albuterol  via  SVN  or 
4  puffs  via  MDI  to  stable,  mechanically  ventilated  patients 
provides  little  further  clinically  important  bronchodila- 
tion.3-8  We  recognize  that  a  limitation  of  this  study  in- 
volves the  relatively  small  number  of  study  patients,  and  it 
is  conceivable  that  a  larger  population  might  show  small 
differences  in  response  between  doses  and  administration 
techniques.  Yet,  it  is  remarkable  that  the  airway  response 
profile  was  characteristically  similar  following  3  separate 
bronchodilator  doses. 

Given  the  similar  clinical  responses  following  MDI  or 
SVN  bronchodilator  administration  to  ventilator-supported 
patients,  it  would  appear  that  the  MDI  with  spacer  com- 
bination was  a  more  efficient  delivery  device  than  the 
Misty-Neb  nebulizer.  This  is  illustrated  by  the  fact  that  a 
significant  change  in  airway  resistance  was  observed  fol- 
lowing MDI  administration  of  a  nominal  dose  2.5-6  times 
less  than  the  nebulizer  dose.  The  disparity  between  the 
MDI  and  SVN  nominal  drug  doses  is  due  to  losses  stem- 
ming from  drug  retention  in  the  nebulizer  receptacle 
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(—50%)  and  aerosol  exhalation  during  continuous  nebuli- 
zation.1 

We  designed  this  study  to  compare  the  airway  response 
to  albuterol  administration  under  common  clinical  condi- 
tions, while  attempting  to  optimize  drug  delivery.  Although 
a  number  of  actuator  devices  are  commercially  available, 
we  selected  an  MDI  and  spacer  reported  to  provide  ade- 
quate deposition  and  a  clinically  significant  response. 15-20 
Selection  of  the  Misty-Neb  nebulizer  was  based  on  its 
widespread  clinical  use  and  published  performance  com- 
pared with  other  commonly  used  commercial  units.21  In 
addition,  we  addressed  the  technique  of  aerosol  adminis- 
tration as  this  influences  lower  respiratory  tract  deposition, 
and  selected  an  MDI  technique  of  delivery  demonstrating 
substantial  respiratory  tract  deposition  and  airway  re- 
sponse. I5-22-24  Other  methods  of  MDI  delivery  techniques 
involve  application  of  an  end-inspiratory  pause  or  discon- 
nection of  the  ventilator  circuit  followed  by  manual  deliv- 
ery of  a  large  tidal  breath.413-25  However,  lack  of  proven 
benefit  following  an  end-inspiratory  hold  maneuver  and 
the  potential  development  of  nosocomial  airway  infection 
limit  these  techniques.25-26  Likewise,  the  nebulizer  tech- 
nique of  administration  was  similar  to  previous  reports.3-5-7 
Data  gathered  from  bench  model  studies  indicate  improve- 
ments in  respiratory  tract  delivery,  with  increased  VT,  pro- 
longed duty  cycle,  dry  ventilator  circuits,  and  use  of  an 
inspiration-triggered  nebulizer.23-27  30  However,  selection 
of  a  technique  of  administration  during  mechanical  venti- 
lation requires  a  compromise  between  mechanical  venti- 
lator settings  and  the  operating  characteristics  of  the  aero- 
sol generating  device.5  Thus,  we  employed  a  common 
ventilator  strategy  in  which  VT  ranged  from  6-8  mL/kg, 
producing  readily  tolerated  duty  cycles,  and  sufficient  heat 
and  humidity  were  applied  to  the  respiratory  system  in 
order  to  not  worsen  pre-existing  hyperinflation  and  airway 
irritation.  In  addition,  use  of  continuous  nebulization  was 
based  on  the  fact  that  approximately  30  minutes  are  re- 
quired for  complete  aerosol ization  with  an  inspiration-trig- 
gered system,  and  this  would  have  affected  our  ability  to 
adequately  compare  the  peak  responses.  After  taking  into 
account  the  different  aerosol  generating  devices,  the  var- 
ious techniques  of  administration,  and  the  mechanical  ven- 
tilation settings,  we  demonstrated  a  similar  bronchodilator 
response  following  delivery  via  SVN  or  MDI  with  spacer. 

Conclusions 

In  summary,  we  found  a  similar  pattern  of  bronchodi- 
lator response  following  albuterol  administration  of  4  puffs 
or  10  puffs  via  MDI  with  spacer  or  2.5  mg  via  SVN  to 
mechanically  ventilated  COPD  patients.  The  airway  re- 
sponse to  albuterol  administration  via  MDI  and  SVN  was 
similar  in  magnitude  and  duration,  returning  to  baseline 
within  240  minutes.  Thus,  albuterol  may  be  administered 


via  inhalation  on  a  4-hour  dosing  schedule  to  stable  ven- 
tilator-supported COPD  patients. 

Finally,  it  should  be  kept  in  mind  that  the  conditions 
under  which  this  study  was  performed  were  nearly  ideal 
and  may  not  necessarily  replicate  everyday  practice  in 
administering  bronchodilators  to  mechanically  ventilated 
patients. 
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New  Horizons  In  Respiratory  Care: 
The  Pharmacology  of  Inhaled  Aerosol  Drug  Therapy 


James  B  Fink  MS  RRT  FAARC  and  Joseph  L  Rau  PhD  RRT  FAARC 


In  December  of  1999,  the  45th  International  Respiratory 
Congress  of  the  American  Association  for  Respiratory  Care 
devoted  the  New  Horizons  Symposium  to  an  examination 
of  inhaled  aerosol  drug  therapy  both  for  treatment  of  the 
respiratory  tract  and  for  potential  systemic  therapy.  The 
rationale  for  choosing  to  examine  the  clinical  pharmacol- 
ogy of  inhaled  aerosol  drugs  derives  from  important  ad- 
vances in  drug  availability  and  the  science  of  aerosol  de- 
livery, with  concomitant  advances  in  the  understanding  of 
drug  actions  and  their  clinical  applications. 

The  inhalation  of  aerosolized  drugs  for  therapeutic  pur- 
poses is  not  a  novel  form  of  treatment  in  lung  disease.  The 
inhalation  of  fumes  from  datura  plant  species  for  respira- 
tory disorders  dates  at  least  to  2000  BC  in  India.1  The  use 
of  nebulized  drug  therapy  can  be  dated  to  the  invention  of 
the  atomizer  by  Euget-les-Bains  in  1849.  Development  of 
the  metered-dose  inhaler  (MDI)  began  in  1955,  following 
a  suggestion  from  Susie,  the  1 3-year-old  asthmatic  daugh- 
ter of  Dr  George  Maison,  then  President  of  Riker  Labs 
(now  3M  Pharmaceuticals),  and  this  revolutionary,  conve- 
nient inhalation  device  was  marketed  in  1956,  following 
United  States  Food  and  Drug  Administration  approval.2 

A  milestone  in  the  clinical  use  of  aerosolized  drug  ther- 
apy occurred  in  1974,  with  the  Conference  on  the  Scien- 
tific Basis  of  Respiratory  Therapy,  held  on  May  2-4,  1974, 
at  the  Temple  University  Conference  Center  at  Sugarloaf. 
The  "Sugarloaf  Conference"  as  it  came  to  be  known, 
brought  together  well-known  investigators  in  pulmonary 
medicine  to  examine  the  scientific  basis  of  respiratory  care. 
The  conference  comprehensively  reviewed  respiratory  care 
at  the  time,  including  a  section  devoted  to  aerosol  therapy. 
The  recommendations  for  further  study  of  aerosol  therapy 
included:' 

•  Studies  to  determine  regional  deposition  of  nonhygro- 
scopic  stable  aerosols 

•  Studies  on  the  effect  of  water  vapor  in  patients  with 
chronic  obstructive  pulmonary  disease 


•  Studies  on  the  physicochemical  properties  of  bronchial 
secretions 

•  Studies  with  bronchodilators 

•  Studies  with  corticosteroids 

In  the  1980s  and  1990s,  the  development  and  delivery 
of  aerosol  drug  formulations  began  to  increase  in  sophis- 
tication and  to  be  put  on  a  firm  scientific  footing.  In  1981, 
Newman  et  al  found  decreased  oropharyngeal  loss  of  in- 
haled drug  with  the  addition  of  an  extension  tube  or  res- 
ervoir device  to  an  MDI.4  Use  of  add-on  devices  (as  spac- 
ers and  holding  chambers  came  to  be  termed)  also  helped 
remove  hand-breath  coordination  problems  often  seen  with 
MDIs.  An  early  reservoir  device,  the  InspirEase,  was  de- 
scribed by  Tobin  et  al  in  1982,  and  incorporated  features 
such  as  a  flow  signal  indicator  and  small  storage  size.5  In 
1983,  Dolovich  et  al  described  similarly  reduced  oropha- 
ryngeal loss  with  the  AeroChamber,  a  true  holding  cham- 
ber with  a  one-way  inspiratory  valve,  flow  signal,  and 
flexible  opening  for  the  entire  MDI  canister  and  mouth- 
piece actuator.6  An  alternative  aerosol  inhalation  device, 
the  dry  powder  inhaler,  became  available  in  the  United 
States  in  the  early  1970s  for  delivery  of  cromolyn  sodium 
(SpinHaler).  Other  dry  powder  inhaler  devices  have  fol- 
lowed, culminating  in  the  more  sophisticated  Turbuhaler 
and  Diskus. 

The  use  of  inhaled  drug  therapy  in  pulmonary  disease 
represents  the  intersection  of  pharmacology,  aerosol  sci- 
ence, and  clinical  medicine.  Borgstrom  noted  that  the  drug 
cannot  be  considered  separately  from  the  aerosol  delivery 
system: 

Each  combination  of  active  drug  and  device  is  a 
unique  pharmaceutical  formulation,  as  both  the  drug 
itself  and  the  device  can  influence  the  overall  prop- 
erties of  the  formulation.7 


The  implication  of  this  view  is  that  one  size  (aerosol 
device)  does  not  fit  all  (drugs  or  formulations).  Placing  the 
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drug/delivery  system  unit  into  the  context  of  pharmacol- 
ogy leads  to  consideration  of  the  disposition  of  inhaled 
drugs  in  the  body  as  a  whole.  In  this  15th  Annual  New 
Horizons  Symposium,  we  continue  the  tradition  of  exam- 
ining and  updating  the  science  of  aerosolized  drug  therapy, 
exemplified  in  the  1974  Sugarloaf  Conference.  The  au- 
thors herein  present  a  digest  of  current  information  for 
practicing  clinicians,  to  provide  understanding  of  inhaled 
medications  in  a  comprehensive  way,  based  on  their  phar- 
macology, aerosol  delivery  system,  and  clinical  effects.  A 
logical  beginning  for  discussing  aerosolized  drugs  is  the 
pharmacokinetics  of  inhaled  aerosol  agents  delivered  to 
the  lungs,  presented  by  Theodore  Witek.  Thomas 
O'Riordan  presents  a  review  of  the  continually  developing 
class  of  anti-infective  drugs  for  pulmonary  infections.  De- 
velopments in  the  traditional  drug  classes  of  inhaled  cor- 
ticosteroids and  J3  agonist  bronchodilators  are  reviewed  by 
Gene  Colice  and  Joseph  Rau,  respectively.  An  alternative 
bronchodilator  class,  the  anticholinergic  agents,  are  pre- 
sented by  Sammy  Campbell.  Bruce  Rubin  considers  the 
extensive  investigations  into  the  nature  of  respiratory  tract 
secretions  and  inhaled  agents  that  can  benefit  patients  with 
abnormal  secretions.  Kevin  Corkery  discusses  inhaled 
drugs  used  for  systemic  therapy,  with  the  lung  offering  a 
potential  gateway  to  the  entire  body.  The  development  of 
and  improvements  in  delivery  devices  for  inhaled  aerosols 
are  addressed  by  James  Fink,  in  a  forward-oriented  re- 
view, perhaps  better  termed  a  "preview." 

We  currently  have  more  inhaled  drugs  and  a  greater 
variety  of  aerosol  delivery  devices  than  at  any  other  time 
in  the  50-year  history  of  respiratory  care  as  a  separate 
health  care  discipline.  This  special  issue  of  the  journal 
presents  a  timely  update  on  aerosolized  drug  therapy  for 
the  practicing  clinician.  It  is  hoped  that  this  will  be  the  first 
of  many  future  symposia  providing  a  convenient  synthesis 
of  the  current  scientific  basis  of  aerosolized  drug  therapy. 
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Introduction 

The  respiratory  therapist  is  often  responsible  for  recom- 
mending an  aerosol  generator  for  delivery  of  a  therapeutic 
agent,  ensuring  its  proper  administrations,  and  monitoring  the 
response.  There  are  important  physical  and  biologic  events 
that  occur  between  the  time  of  administration  of  an  aerosol 
and  an  observed  clinical  response  (eg,  improved  air  flow, 
tachycardia).  Though  a  sufficient  amount  of  drug  targeted  for 
the  lung  will  usually  get  there  and  remain  there  for  its  in- 
tended pulmonary  response,  a  portion  of  it  will  probably  be 
absorbed  into  the  systemic  circulation,  where  it  will  be  dis- 
tributed in  the  body,  often  to  undergo  some  degree  of  me- 
tabolism, and  ultimately  to  be  excreted  (unchanged  or  me- 
tabolized). These  events  (ie,  what  the  body  does  to  the  drug) 
can  collectively  be  referred  to  as  pharmacokinetics.  The  ob- 
served clinical  response  (ie,  what  the  drug  does  to  the  body) 
is  referred  to  as  pharmacodynamics.1 

In  this  brief  review,  some  key  aspects  of  the  relationship 
between  pharmacokinetics  and  pharmacodynamics  for  in- 
haled drugs  will  be  discussed  through  examples  from  the 
literature,  using  3  classes  of  inhaled  drugs  to  illustrate 
principles.  First,  the  ability  to  broaden  the  therapeutic  win- 
dow via  inhaled  delivery  will  be  described  for  albuterol, 
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along  with  methods  to  evaluate  its  relative  lung  bioavail- 
ability. Second,  the  specific  pulmonary  targeting  (ie,  top- 
ical to  systemic  effects)  of  inhaled  corticosteroids  (ICS) 
will  be  reviewed  as  an  example  of  how  both  pharmacoki- 
netic properties  and  delivery  technique  can  impact  optimal 
therapeutic  effect.  Finally,  a  review  of  how  one  might 
predict  lung  to  systemic  effects  from  basic  pharmacologic 
and  pharmacokinetic  information  will  be  reviewed  for  the 
experimental  long-acting  anticholinergic  agent  tiotropium. 

Why  Inhale? 

The  intended  site  of  action  of  respiratory  therapeutic 
aerosols  is  the  lung.  When  utilizing  aerosols  for  respira- 
tory therapy,  however,  isolating  the  delivery  of  the  drug  to 
the  lung  itself  (vs,  for  example,  to  the  oropharynx)  will 
most  often  optimize  its  therapeutic  window,  ie,  the  differ- 
ence between  a  drug's  therapeutic  benefit  (eg,  bronchodi- 
lation)  and  its  unwanted  effects  (eg,  tachycardia).  The  in- 
haled route  for  respiratory  therapeutics  is  seen  as 
advantageous  in  that  drug  is  delivered  directly  to  the  site 
of  action  and  that  lower  doses  can  be  administered  relative 
to  parenteral  or  oral  preparations.2  These  features,  in  turn, 
can  broaden  the  therapeutic  window  by  achieving  optimal 
efficiency  and  minimizing  adverse  effects. 

Inhaled  Albuterol:  Getting  Drug  to  the  Site  of  Action 

The  concept  described  above  was  nicely  illustrated  in  a 
study  by  Lipworth  et  al,3  in  which  a  group  of  asthmatics 
received  salbutamol  either  orally  (2  mg),  sublingually  (2 
mg),  or  via  metered-dose  inhaler  (MDI)  (0.2  mg),  with 
subsequent  monitoring  of  pharmacokinetic  and  pharmaco- 


826 


Rf.spiratory  Care  •  July  2(KK)  Vol  45  No  7 


The  Fate  of  Inhaled  Drugs 


4 


-r- 
5 


6 


Timelh) 


Fig.  1.  Change  from  baseline  in  forced  expiratory  volume  in  the  first  second  (FEV,)  in  7  asthmatic  patients  given  placebo  (closed  circles), 
200  n9  metered-dose  inhaled  salbutamol  (triangles),  oral  salbutamol  2  mg  tablet  (squares),  or  sublingual  salbutamol  2  mg  tablet  (open 
circles).  Values  are  means.  For  clarity,  standard  error  bars  are  only  shown  for  placebo  and  inhaled  salbutamol.  (From  Reference  3,  with 
permission.) 


dynamic  end  points.  For  lung  function  (Fig.  1),  forced 
expiratory  volume  in  the  first  second  (FEV,)  was  improved 
relative  to  placebo  for  all  routes  of  administration,  with  the 
response  following  inhalation  significantly  greater  than  that 
following  oral  or  sublingual  administration.  The  time  to 
peak  response  was  also  earlier  following  inhalation  (30 
min)  than  with  oral  or  sublingual  administration  (2  h).  The 
unintended  pharmacodynamic  response  of  tremor  was  also 
evaluated.  Here,  an  increase  in  tremor  response  was  con- 
fined to  the  oral  and  sublingual  routes  (Fig.  2).  Therefore, 
the  improved  therapeutic  window  with  inhalation  was 
clearly  demonstrated.  This  report  confined  pharmacoki- 
netic analysis  to  the  oral  and  sublingual  routes  and  noted 
similar  profiles,  with  the  exception  of  an  initial  delayed 
absorption  following  sublingual  administration.  This  is  sug- 
gestive of  minimal  buccal  absorption,  with  the  systemic 
levels  coming  from  gut  absorption  following  swallowing 
of  the  dissolving  sublingual  tablet. 

Though  the  above  example  clearly  points  to  different 
effects  following  oral  versus  inhaled  salbutamol,  it  is  also 
interesting  to  consider  the  fate  of  the  inhaled  drug  itself 
and  methods  to  determine  the  relative  bioavailability  of 
such  drugs  to  the  lungs. 

Inhaled  therapy,  while  remaining  the  optimal  choice  for 
many  drug  classes,  is  inefficient.  That  is,  only  a  small 
fraction  of  the  drug  that  leaves  the  aerosol  generator  ac- 
tually is  deposited  in  and  available  to  the  lung.  Despite  this 
inefficiency,  the  lung-to-systemic  effects  remain  favorable. 
Methods  used  to  quantify  the  fate  of  administrated  aero- 
sols include  radiolabeled  aerosol  studies,  charcoal  inges- 
tion methods,  and  timed  urinary  excretion  surrogates  of 
lung  bioavailability. 


In  the  aerosol  deposition  studies,  radiolabeled  particles 
are  inhaled,  followed  by  gamma  scintigraphy  to  follow  the 
fate  of  particles.  Among  the  classic  studies  reported  by 
Newman  et  al  include  the  observation  that  only  some  10% 
of  radiolabeled  aerosol  of  Teflon  reaches  the  lung,  with  the 
remainder  swallowed.4 

In  the  charcoal  technique,  inhaled  drug  is  simultaneously 
administrated  with  charcoal,  which  blocks  oral  absorption, 
leaving  the  recovered  fraction  attributable  to  the  lung  de- 
livery. With  this  technique,  Borgstrom  and  Nilsson5  re- 
ported a  lung  bioavailability  of  approximately  10%. 

The  relative  bioavailability  of  inhaled  salbutamol  to  the 
lung  evaluated  by  measuring  early  urinary  excretion  also 
serves  to  illustrate  some  important  pharmacokinetic  princi- 
ples of  inhaled  drugs.  In  their  simple  technique,  Hindle  and 
Chrystyn6  took  advantage  of  the  biphasic  renal  excretion  fol- 
lowing inhaled  salbutamol.  The  initial  elimination  (ie,  30 
min)  represents  the  fraction  of  dose  administrated  to  the  lungs, 
rapidly  absorbed  via  the  alveoli,  then  excreted  unchanged  by 
the  kidneys.  The  second  phase  represents  the  dose  swallowed 
after  impaction  in  the  oropharynx.  To  support  this  theory, 
they  showed  (Fig.  3)  that  little  drug  is  excreted  in  urine  30 
minutes  after  oral  ingestion  because  of  the  lag  time  between 
administration  and  start  of  absorption.  The  urine  drug  recov- 
ery 30  minutes  after  inhalation,  in  contrast,  was  significantly 
greater.  This  method  was  subsequently  validated  in  practice, 
where  30-minute  urine  recovery  of  salbutamol  was  measured 
following  a  variety  of  inhalation  techniques.7  For  example, 
they  observed  significantly  greater  elimination  in  the  first  30 
minutes  when  drug  was  inhaled  slowly  (10  L/min)  versus 
quickly  (50  L/min)  and  with  breath-holding  (10  s)  versus 
without  breath-holding.  Thus,  the  fate  of  the  inhaled  salbu- 
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Fig.  2.  Tremor  response  (as  percentage  change)  to  placebo  (closed  circles),  inhaled  salbutamol  (triangles),  oral  salbutamol  (squares),  and 
sublingual  salbutamol  (open  circles).  For  clarity,  standard  error  bars  are  only  shown  for  placebo  and  sublingual  salbutamol.  (From  Reference 
3,  with  permission.) 
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Fig.  3.  Individual  values  of  urinary  unchanged  salbutamol  recovery 
0.5  hour  after  oral  and  inhaled  administration.  (From  Reference  6, 
with  permission). 


tamol  as  measured  by  its  excretion  in  the  urine  allowed  for 
the  evaluation  of  aerosol  administration  techniques. 

Optimizing  Inhalation  Therapy:  Pulmonary  Targeting 
of  Inhaled  Corticosteroids 

As  seen  with  the  previous  example  of  salbutamol,  the 
route  of  administration  impacts  the  therapeutic  index.  Dif- 
ferences in  the  therapeutic  index  can  also  manifest  within 


a  given  route  of  administration.  This  is  particularly  true  for 
inhaled  therapy,  with  several  illustrative  and  relevant  ex- 
amples coming  from  the  clinical  investigations  of  inhaled 
corticosteroids.  Specifically,  different  formulations  and  dif- 
ferent delivery  devices  can  produce  meaningful  differences 
in  topical  activity  by  affecting  the  dose  deposited  in  the 
lung  and,  for  drugs  absorbed  orally,  by  affecting  the  amount 
of  drug  deposited  in  the  oropharynx  and  subsequently  swal- 
lowed. 

The  primary  goal  in  optimizing  the  therapeutic  window 
of  an  ICS  is  to  maximize  its  action  in  lung  tissue  while 
minimizing  systemic  exposure  that  primarily  leads  to  ad- 
verse effects.  In  maximizing  therapeutic  effect,  the  po- 
tency of  a  given  ICS  (related  to  steroid  receptor  binding 
affinity)  and  the  amount  of  drug  reaching  the  lung  are 
important  factors.8  In  the  broad  sense,  efficacy  relates  to 
the  molecular  and  cellular  activity  that  reduces  airway 
inflammation  and  airway  hyperresponsiveness.  Clinically, 
the  effects  translate  into  improved  symptoms,  reduced  need 
for  oral  steroids,  and  general  improvement  in  lung  func- 
tion.9 

The  goal  to  minimize  systemic  exposure  is  embedded 
in  avoiding  clinically  problematic  effects,  including 
hypothalamic-pituitary-adrenal  axis  suppression,  inhibition 
of  bone  formation  and  growth,  and  a  variety  of  other  met- 
abolic, hematologic,  and  central  nervous  system  effects.  In 
setting  the  safety  threshold  of  an  ICS,  the  amount  of  drug 
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Table  1 .      Serum  Cortisol  Following  Budesonide  Inhalation  With  and 
Without  Mouth  Rinsing 


Absorption 
from  the 
-  lung  (A) 


Gl  tract 


Systemic 
circulation 


ilation/) 


Inactivation  in  the  liver 
(first  pass"  effect)      Systemjc  concentration  =  A+B 

Fig.  4.  Systemic  concentration  of  inhaled  corticosteroids  is  deter- 
mined by  oral  bioavailability  of  swallowed  fraction  and  by  absorp- 
tion from  lung  (inhaled  fraction).  (From  References  8  and  9,  with 
permission.) 


that  becomes  available  in  the  systemic  circulation  is  a 
primary  concern. 

The  key  concepts  in  determining  the  therapeutic  win- 
dow of  an  ICS  are  best  understood  by  understanding  the 
potential  fate  of  an  ICS  following  administration.  As  il- 
lustrated in  Figure  4,  therapeutics  aim  at  optimizing  effect 
in  the  lung  while  minimizing  systemic  concentration.  Im- 
portant pharmacokinetic  properties  of  a  drug  that  would 
foster  a  wider  therapeutic  index  include  slow  absorption 
from  the  lung,  low  oral  bioavailability,  and  rapid  systemic 
clearance.8 

First,  prolonged  exposure  of  an  ICS  in  the  lung  itself 
may  enhance  the  local  anti-inflammatory  effect.  A  surro- 
gate of  pulmonary  retention  can  be  evaluated  by  monitor- 
ing the  differences  between  drug  half-life  following  inha- 
lation and  intravenous  administration.  Here,  a  longer  half- 
life  after  inhaled  delivery  would  indicate  that  the  rate  of 
pulmonary  absorption  limits  the  ultimate  excretion  from 
the  body.  Second,  low  oral  bioavailability,  or  the  fraction 
of  ingested  dose  that  reaches  the  systemic  circulation,  is 
affected  by  physiologic  effects  of  gastrointestinal  absorp- 
tion and  inactivation  by  '"first  pass"  metabolism  in  the 
liver.  More  importantly,  however,  there  are  several  impor- 
tant factors  in  the  hands  of  the  practitioner  that  can  min- 
imize systemic  effects  by  minimizing  the  amount  of  drug 
that  reaches  the  gastrointestinal  tract.  These  include  selec- 
tion of  a  device  that  minimizes  oropharyngeal  deposition, 
utilizing  a  spacer  device,  and  mouth  rinsing  and  expecto- 
ration after  treatment.  The  impact  of  such  interventions 
was  illustrated  by  Selroos  and  Halme,10  who  reported  a 
difference  in  the  pharmacodynamic  systemic  measure  of 
serum  Cortisol  following  budesonide  when  the  drug  ad- 
ministration was  followed  by  mouth  rinsing  or  not  (Table 
1 ).  This  illustrates  the  potential  impact  of  aerosol  admin- 
istration techniques  on  the  subsequent  pharmacokinetic  (re- 
duce oral  bioavailability)  and  pharmacodynamic  (reduce 
serum  Cortisol)  response. 


Drug  and  Dose 


Mouth 
Rinse 


Serum 
Cortisol 
(nmol/1) 


Budesonide  1.6  mg 
Budesonide  1.6  mg 
Difference 

Values  are  mean  ±  SD. 
•p  -  0.007. 


Yes 

No 


440+63 

375    ±56 

65  ±  58* 


Predicting  Pharmacodynamic  Effects  from 
Pharmacokinetics:  Tiotropium 

Tiotropium  is  an  experimental  anticholinergic  agent  that 
is  being  developed  as  a  once-daily  inhaled  bronchodila- 
tor.11  It's  long  duration  of  action  is  best  explained  by  its 
prolonged  binding  to  muscarinic  receptors.  For  example, 
the  half-lives  of  the  drug-receptor  complex  at  the  M3  re- 
ceptor (responsible  for  airway  smooth  muscle  relaxation) 
is  orders  of  magnitude  longer  for  tiotropium  (34.7  ±  2.9  h) 
than  for  ipratropium  (0.26  ±  0.02  h).12 

In  a  discussion  of  the  relationship  between  predicted 
lung  and  systemic  levels  of  drug,  Disse  et  al13  used  basic 
pharmacologic  principles  to  predict  local  concentrations 
and  their  impact  on  receptor  binding  and  potential  response 
in  humans.  This  approach  addressed  the  following  ques- 
tions. 

What  are  the  relative  amounts  in  the  lung  versus 
systemic  circulation? 

As  a  quaternary  ammonium  compound,  tiotropium  has 
a  positive  charge  and  would  be  expected  to  have  minimal 
systemic  absorption  following  inhalation.  In  patients, 
plasma  levels  are  indeed  low,  at  approximately  2  pg/mL  at 
trough  (ie,  before  dosing),  with  transient  postinhalation 
peaks  measured  at  approximately  14  pg/mL.13  Such  con- 
centrations correspond  to  approximately  4.2  pM  and  30 
pM,  respectively. 

In  order  to  predict  tiotropium  concentrations  in  the  lung' s 
epithelial  lining  fluid,  estimations  were  made  by  assuming 
that  4  jug  of  the  inhaled  20  ju,g  dose  (20%)  is  contained  in 
fine  particles  likely  to  reach  the  lung.  Again,  assuming  a 
volume  of  epithelial  lining  fluid  of  20  mL,  a  tiotropium 
concentration  of  approximately  2  jliM  would  be  estimated. 

What  impact  do  these  concentrations  have  on 
receptor  binding? 

From  classic  pharmacology,  receptor  occupancy  can  be 
estimated  as  a  function  of  drug  concentration  based  on  the 
following: 
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|RD]/[Rt]  =  [D]/(KD  +  [D]) 

where  [RD]  is  the  concentration  of  drug-receptor  complex, 
[Rt]  is  the  total  number  of  receptors,  and  [D]  is  the  con- 
centration of  free  drug.  [RD]/[Rt]  reflects  the  proportion  of 
occupied  receptors.  KD  is  the  equilibrium  dissociation  con- 
stant for  the  drug-receptor  complex.  A  kinetically  deter- 
mined KD  of  14  pM  has  been  established  for  tiotropium. 
Given  this,  one  could  predict,  assuming  an  equilibrium 
state,  that  less  than  one  quarter  of  systemic  receptors  would 
be  occupied.  The  value  is  probably  less,  as  a  true  equilib- 
rium state  is  probably  not  reached.  Near  full  receptor  oc- 
cupancy would  require  much  higher  concentrations,  such 
as  those  estimated  for  the  lungs.  Thus,  this  approach  gives 
an  appreciation  for  what  might  be  predicted  for  lung  and 
systemic  responses,  namely,  a  good  therapeutic  effect  in 
the  airway,  with  minimal  systemic  adverse  effects. 

What  might  be  the  impact  of  these  estimations? 

It  has  been  postulated  that,  given  the  high  post-junc- 
tional  neurotransmitter  tonus,  acetylcholine  is  still  likely  to 
elicit  a  near  full  cholinergic  response  if  <  50%  of  recep- 
tors are  occupied  by  an  antagonist  such  as  tiotropium. 
Thus,  one  can  predict  minimal  systemic  effects.  In  the 
lung,  however,  much  higher  topical  levels  lead  to  near  full 
receptor  occupancy  and  thus  probably  explain  the  long 
duration  of  bronchodilationl4ls  and  bronchoprotective16 
effects.  These  differences  are  important  in  the  ultimate 
determination  of  a  drug's  therapeutic  index  (ie,  its  safety 
to  efficacy  or  risk  to  benefit).  This  will  ultimately  be  con- 
firmed or  refuted  in  long-term  clinical  trials. 

Summary 

Prior  to  a  drug  achieving  its  effects  (ie.  pharmacody- 
namics), there  are  numerous  events  within  the  body  that 
determine  its  ultimate  fate.  The  effects  of  the  "body  on  the 
drug"  has  been  referred  to  as  pharmacokinetics — how  the 
favorable  lung-to-systemic  effects  predicted  from  this  ex- 
ercise translate  into  practice. 

Inhaled  drugs  have  enjoyed  the  major  feature  of  having 
"local"  effects  on  the  target  organ  of  the  lung.  Broadly, 
lower  doses  can  be  used  and  adverse  effects  are  often  less 
than  with  oral  or  parenteral  administration.  Nevertheless, 
key  features  of  respiratory  drugs  and  their  administration 
can  impact  their  fate  and  ultimate  utility.  This  review  has 
provided  some  relevant  examples  of  basic  pharmacokinet- 
ics principles  as  related  to  inhaled  products,  with  emphasis 


on  those  factors  that  help  to  partition  lung-to-systemic 
effects. 
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Introduction 

Aerosol  systems,  such  as  metered-dose  inhalers,  dry  pow- 
der inhalers,  and  liquid  jet  or  ultrasonic  nebulizers  for 
delivery  of  bronchodilators  and  inhalable  corticosteroids 
to  treat  asthma  or  chronic  obstructive  pulmonary  disease 
have  existed  for  many  years,  and  have  proven  effective  in 
delivering  drug  to  the  airways  for  pulmonary  applications. 
More  recently,  however,  there  has  been  substantial  interest 
in  using  the  lung,  and  in  particular  the  alveolar  surface,  as 
a  portal  to  the  systemic  circulation  for  macromolecules 
such  as  proteins  and  peptides,  which  otherwise  must  be 
given  by  injection. 

Problems  in  Drug  Delivery  of  Macromolecules 

Because  of  their  size  and  delicacy,  peptides,  proteins, 
and  other  macromolecules  have  traditionally  been  system- 
ically  administered  via  injection.  But  there  are  problems 
with  administering  them  this  way.  Most  patients  do  not 
like  the  pain  and  inconvenience  of  injection,  particularly 
when  required  repeatedly  for  the  treatment  of  chronic  dis- 
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ease  such  as  diabetes  or  multiple  sclerosis.  This  dislike  can 
result  in  poor  patient  compliance  and  inadequate  disease 
management.1  With  the  development  of  more  long-term 
and  frequently  administered  injection  drugs  (eg,  growth 
factors,  anti-infectives,  and  other  chronic  disease  treat- 
ments) the  pharmaceutical  industry  has  increasingly  sought 
noninvasive  alternatives  to  needle  injection. 

To  date,  however,  traditional  noninvasive  delivery  sys- 
tems have  not  proved  effective  for  macromolecules.  Pills, 
tablets,  and  oral  solutions  are  unsuitable  because  of  poor 
absorption  or  inactivation  by  gastric  juices  and  digestive 
enzymes.  Transdermal  delivery  systems  are  also  inade- 
quate because  of  the  size  constraints  of  macromolecules  or 
other  inherent  physical  properties  that  prevent  them  from 
crossing  skin  layers  without  the  addition  of  irritating  en- 
hancers. Research  has  also  shown  that  the  nasal  route  has 
low  natural  bioavailability  and  high  variability  for  proteins 
and  peptides.2  The  natural  bioavailability  of  macromole- 
cules (eg,  insulin  and  growth  hormone)  when  delivered 
nasally  is  generally  <  2%.  To  achieve  higher  system  ef- 
ficiency and  greater  bioavailability,  penetration  enhancers 
are  required  that  can  cause  local  irritation  and  long-term 
mucosal  injury. 

Suitability  of  the  Lung  Periphery 
for  Systemic  Drug  Delivery 

The  biology  of  the  lung  makes  it  suitable  for  systemic 
drug  delivery.  Many  proteins  and  peptides  are  absorbed 
through  the  alveoli  into  the  bloodstream  naturally,  with 
high  drug  absorption  and  without  the  need  for  enhancers 
used  for  other  noninvasive  routes.3  This  high  bioavailabil- 
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Fig.  1.  Pulmonary  deposition  as  a  function  of  particle  size,  with 
inspiratory  flow  of  22.5  L/min.  Fractional  deposition  curves  for 
oropharynx  and  tracheobronchial  region  differed  insignificantly  with 
and  without  breath-holding.  (Redrawn,  using  data  from  Reference  12.) 


ity  makes  the  lung  a  natural  target  for  peptides  and  pro- 
teins. In  addition,  the  lung  is  a  robust  organ,  able  to  handle 
about  30  mg  per  day  of  inhaled  nuisance  dusts  day  after 
day  for  years  without  deleterious  effect.4  This  combination 
of  the  bioavailability  of  peptides  and  proteins  when  deliv- 
ered via  the  lung  and  the  robustness  of  the  lung  itself  make 
the  lung  periphery  a  logical  target  for  drug  delivery.510 

On  inhalation,  air  passes  through  the  trachea,  which 
branches  more  than  22  times  into  successively  smaller 
airways  that  constitute  the  bronchial  network,  eventually 
reaching  the  grapelike  clusters  of  the  alveoli.  Each  breath 
of  air  is  distributed  deep  into  the  lung  tissue,  to  the  alve- 
olar epithelium,  the  surface  area  of  which  measures  ap- 
proximately 80-100  m2  in  humans.  This  large  surface  has 
about  half  a  billion  alveoli  through  which  oxygen  passes 
into  the  bloodstream  via  an  extensive  capillary  network. 
Large-molecule  drugs  such  as  peptides  and  proteins  do  not 
easily  pass  through  the  airway  surface  (which  has  a  total 
surface  area  of  about  3.0  m2)  because  it  is  lined  with  a 
thick,  ciliated,  mucus-covered  cell  layer,  making  it  nearly 
impermeable.  But  these  large  molecules  do  permeate  the 
alveoli,  which  have  a  thin,  single-cellular  layer,  enabling 
absorption  into  the  bloodstream.  Because  the  alveoli  reside 
beyond  the  terminal  branches  of  the  airway,  any  pulmo- 
nary approach  to  delivering  drugs  for  systemic  disease 
must  target  the  lung  periphery. 

To  reach  the  lung  periphery,  a  drug  must  be  delivered  in 
particles  of  1-3  /xm  (optimal  size  <  2  //.m)  with  slow, 
deep  inhalation."  Particles  >  10  /urn  tend  to  be  swal- 
lowed, and  6-10  /im  particles  deposit  in  the  airways  (Fig- 
ure l)."12 

First-Generation  Aerosol  Devices 

Until  recently,  pulmonary  drug  delivery  systems  were 
capable  of  dispensing  drug  to  the  airway  only  for  local 


application,  such  as  in  asthma.  Metered-dose  inhalers, 
breath-activated  dry  powder  inhalers,  and  liquid  jet  and 
ultrasonic  nebulizers  are  useful  in  the  management  of 
asthma,  but  such  devices  were  not  designed  to  deliver 
drugs  into  the  lung  periphery.  They  have  been  primarily 
designed  to  deliver  potent  drugs  such  as  corticosteroids 
and  bronchodilators,  both  of  which  are  bioactive  in  the 
lung  at  5-20  p.g  per  dose.1-*  Dose  reproducibility  is  most 
often  inconsistent,  varying  per  puff,  which  is  acceptable 
when  the  therapeutic  window  is  large,  as  is  true  with  these 
potent  drugs.  However,  when  the  therapeutic  window  is 
narrow,  as  is  true  with  most  protein  drugs,  dose  reproduc- 
ibility is  required.  These  systems  have  not  been  able  to 
deliver  most  macromolecules,  which  need  to  be  delivered 
to  the  lung  periphery  at  doses  of  2-20  mg,12  because  of  the 
devices'  low  system  efficiency,  low  drug  mass  (also  known 
as  "payload")  per  puff,  poor  formulation  stability  for  mac- 
romolecules, and  poor  dosing  reproducibility.14 

To  effectively  deliver  macromolecules  to  the  lung  pe- 
riphery in  therapeutic  doses,  5  basic  criteria  must  be  met. 

•  The  system  must  provide  efficient  delivery  of  the  drug 
to  the  lung  periphery.  This  requires  formulating  the  drug 
so  that  it  is  deliverable  in  a  cloud  containing  particles  of 
1-3  fim  (optimal  size  <  2  /u.m)  with  slow,  deep  inhalation. 
(Some  aerosol  systems  can  deliver  only  10-12%  of  the 
dispensed  drug  in  the  correct  particle  size  for  lung  depo- 
sition.)13 It  also  requires  designing  the  delivery  device  so 
that  the  aerosol  generated  easily  reaches  the  alveolar  re- 
gion with  a  minimum  of  patient  effort  and  with  minimal 
oropharyngeal  impaction  (which  causes  the  medication  to 
be  swallowed  rather  than  inhaled). 

•  The  therapeutic  drug  dose  must  be  reproducible  from 
dose  to  dose.  Package  inserts  for  these  products  will  present 
this  in  terms  of  nominal  or  dispensed  dose  (ie,  the  amount 
of  drug  in  the  unit  dose  blister  package  or  ampule)  and 
delivered  dose  (ie,  the  amount  of  drug  in  the  dose  that  is 
bioavailable). 

•  The  system  should  accommodate  flexible  dosing,  be- 
cause patients  may  require  different  doses  at  different  times. 

•  The  delivery  device  must  be  portable  and  easy  to  use 
to  optimize  patient  compliance  and  disease  management. 

•  The  drug  formulation  must  be  stable  at  room  temper- 
ature. This  too  improves  portability  and  convenience  of 
using  the  system. 

The  Delivery  Device  and  Lung  Periphery  Deposition 

Fine  powder  particles  adhere  to  each  other  (agglomer- 
ate) and  can  be  difficult  to  break  apart  into  respirable 
particles  that  can  be  slowly  inhaled.  Breath-activated  pow- 
der inhalers  for  asthmatics  are  designed  to  use  the  force 
generated  by  fast  inspiration  to  break  apart  powder  clumps. 
Unfortunately,  there  is  not  enough  energy  in  a  human 
inhalation  to  efficiently  break  apart  very  fine  powder 
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Fig.  2.  With  the  Innova  durable  dry  powder  delivery  device  (made  by  Inhale  Therapeutic  Systems),  the  patient  slowly  inhales  a  puff  of 
medicine  through  the  device  mouthpiece,  receiving  the  medicine  first,  followed  by  a  much  larger  volume  of  air  that  pushes  the  drug  plume 
down  into  the  alveoli.  (Figure  courtesy  of  Inhale  Therapeutic  Systems.) 


clumps,  and  the  harder  the  inhalation,  the  faster  the  parti- 
cles move,  increasing  dosing  variability  and  the  tendency 
of  particles  to  impact  in  the  mouth  and  throat. 

The  Innova  device  technology  (Inhale  Therapeutic  Sys- 
tems) separates  the  patient's  breathing  maneuver  from  the 
generation  of  the  aerosol  by  using  compressed  air  to 
deagglomerate  the  powder  particles  and  deliver  the  aerosol 
plume  into  a  clear  plastic  holding  chamber,  eliminating  the 
need  for  coordination  of  aerosol  generation  and  inhalation. 
The  patient  inhales  the  cloud  with  the  slow,  deep  inspira- 
tion that  optimizes  alveolar  deposition.  Because  the  cham- 
ber is  transparent,  the  patient  knows  immediately  whether 
a  full  dose  of  medicine  has  been  inhaled.  The  device  de- 
livers the  medicine  early  in  the  inspiration,  followed  by  a 
much  larger  volume  of  air  that  pushes  the  drug  down  into 
the  alveoli  (Fig.  2).  The  device  requires  no  power  source, 
contains  no  batteries  or  chips,  and  is  easily  cleaned. 

The  Inhalable  Drug  Industry  Today 

Currently,  at  least  5  companies  are  working  on  the  de- 
velopment of  inhalable  proteins: 

•  AeroGen  (AeroDose  inhaler  system) 

•  Alkermes  (AIR  technology) 

•  Aradigm  Corporation  (AERx  pulmonary  drug  delivery 
system) 

•  Dura  Pharmaceuticals  (Spiros  pulmonary  drug  deliv- 
ery system) 

•  Inhale  Therapeutic  Systems  (Inhance  drug  delivery 
platform) 

AeroGen  (Sunnyvale,  California) 

AeroGen's  AeroDose  inhaler  system  is  designed  to  en- 
able aerosolization  of  small  or  large  molecules  in  liquid 


solution  or  suspension  formulations.  The  technology  uses 
the  vibration  of  a  curved  metal  plate  that  contains  pre- 
formed holes  of  a  predetermined  size  to  generate  the  aero- 
sol. The  device's  metering  valves  allow  flexibility  in  dos- 
ing. Electronic  controls  enable  breath  actuation  of  drug 
delivery  and  control  of  aerosol  flow  and  inspiratory  flow. 
Delivery  of  a  single  dose  of  drug  is  accomplished  with 
single  or  multiple  breaths. 

Alkermes  (Cambridge,  Massachusetts) 

Alkermes's  AIR  technology  employs  dry  powder  deliv- 
ery of  small-molecule,  protein,  and  peptide  drug  particles 
to  the  deep  lung.  The  delivery  device  is  breath-activated, 
requiring  no  additional  power  source.  Particles  are  pro- 
duced in  a  one-step  spray-drying  process  that  uses  only 
small  quantities  of  excipients  while  accommodating  large 
concentrations  of  drug,  if  needed.  Its  dry  powder  technol- 
ogy, according  to  Alkermes,  has  the  potential  for  pro- 
longed drug  release.  To  date,  the  company  has  3  major 
pharmaceutical  partners  and  5  drugs  (proteins  and  small 
molecules)  in  large  animal  or  human  clinical  trials. 

Aradigm  Corporation  (Hayward,  California) 

The  AERx  pulmonary  drug  delivery  system  uses  pro- 
prietary technology  to  create  aerosols  from  liquid  drug 
formulations  and  to  deliver  these  aerosols  locally  to  the 
lungs  or  systemically  via  the  lungs.  The  delivery  device, 
which  depends  on  the  patient's  active  breath  control,  has 
data  capture  abilities,  enabling  health  care  professionals  to 
download  and  analyze  data  for  patient  compliance.  The 
company  has  several  drugs  in  preclinical  or  clinical  trials, 
including  morphine  (phase  2),  insulin,  (phase  2),  and  dor- 
nase  alfa  (preclinical). 
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Dura  Pharmaceuticals  (San  Diego,  California) 

Dura's  Spiros  pulmonary  drug  delivery  system  aerosol- 
izes pharmaceuticals  in  a  powder  formulation  for  pulmo- 
nary delivery.  The  system  comprises  a  battery-operated 
electromechanical  inhaler  and  a  multi-dose  cassette  or  blis- 
terdisk  powdered-drug  storage  unit.  The  company  primar- 
ily focuses  on  developing  inhalable  steroids  for  asthma 
treatment  but  is  interested  in  proteins  and  other  macromol- 
ecules  as  well. 

Inhale  Therapeutic  Systems  (San  Carlos,  California) 


Table  2.      Medical  Conditions  that  Could  Benefit  from  Pulmonary 
Delivery 

Pain 

Panic  and  anxiety 

Anaphylaxis 

Cardiac  arrhythmias 

Other  cardiovascular  conditions 

Diarrhea 

Spasms 

Insomnia 

Nausea  and  vomiting 

Nicotine  withdrawal 

Urinary  incontinence 


Inhale  Therapeutic  Systems  focuses  on  its  Inhance  dry 
powder  technology  platform  for  lung  periphery  aerosol 
delivery  of  drugs.  The  Inhance  drug  delivery  platform  com- 
bines multiple  powder  and  device  technologies  for  the 
development  of  inhalable  drugs.  Its  lead  product  is  inhal- 
able insulin,  which  is  in  Phase  III  clinical  trials.  The  com- 
pany has  development  agreements  with  a  number  of  phar- 
maceutical companies,  including: 

•  Aventis  Behring  (formerly  Centeon)  for  inhalable  a- 1 
proteinase  inhibitor  to  treat  congenital  emphysema  (phase  1) 

•  Biogen  for  inhalable  AVONEX  (interferon  8- 1  a)  (phase 
1)  to  treat  multiple  sclerosis 

•  Lilly  for  an  undisclosed  inhalable  protein  (preclinical) 

•  Pfizer,  which  is  partnered  with  Aventis  Pharma  to 
co-develop  and  co-promote  inhalable  insulin 

Inhale  uses  unique  proprietary  technologies  to  formu- 
late drugs  for  dry  powder  aerosol  delivery. 


Table  1 .      Macromolecule  Candidates  for  Pulmonary  Delivery 

Insulin15-17 

Alpharproteinase  inhibitor'8 

Growth  hormones'9-20 

Interferons2'-22 

Colony-stimulating  factors23-25 

Erythropoietins 

Human  calcitonin22 

Somatostatin  analogs 

Luteinizing  hormone  releasing  hormone  (LHRH)  analogs26 

Factor  IX 

Vaccines 

Interleukins  and  antagonists 

Anti-obesity  peptides 

Parathyroid  hormone22 

Osteoporosis  peptides 

Diabetes  peptides 

Antibodies 

Immune  suppression  peptides 

Nerve  growth  factors 


The  Future  of  Inhalable  Therapeutics 

The  future  of  pulmonary  drug  delivery,  whether  for  mac- 
romolecules  or  small  molecules,  appears  to  be  broadening. 
Delivery  of  macromolecules  to  the  lung  periphery  offers 
many  advantages  over  injection  and  other  noninvasive 
methods.  As  the  fields  of  biotechnology,  genome  research, 
and  protein  therapeutics  continue  to  burgeon,  the  oppor- 
tunities for  aerosol  delivery  of  these  compounds  expand 
accordingly  (Table  1). 

Interest  is  also  focused  on  formulating  certain  small- 
molecule  pharmaceuticals  for  pulmonary  delivery.  Al- 
though many  of  these  drugs  are  readily  administered  in 
oral  preparations,  pulmonary  delivery  would  offer  sub- 
stantial advantages  over  oral  delivery,  including  rapid  on- 
set of  the  action,  in  a  matter  of  seconds,  and  avoidance  of 
the  problems  that  can  accompany  gastrointestinal  absorp- 
tion, such  as  low  solubility  and  low  bioavailability  of  the 
drug,  possible  gastrointestinal  upset  caused  by  drug  irrita- 
bility, unwanted  metabolites  resulting  from  gastrointesti- 
nal metabolism,  and  the  interaction  of  the  drug  and  certain 
foods  (Table  2). 

Summary 

Although  oral  and  injectable  drug  formulations  still  dom- 
inate the  market,  interest  in  pulmonary  delivery  has  been 
rising  steadily.  Given  patients'  desire  for  an  alternative  to 
injections,  and  recent  advances  in  aerosol  science  and  pul- 
monary medicine,  the  potential  for  improved  disease  man- 
agement outcomes  by  using  aerosols  for  systemic  drug 
delivery  should  lead  the  way  for  a  shift  to  inhalables. 
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Introduction 

The  prospect  of  delivering  antimicrobial  therapy  directly 
to  the  respiratory  tract  using  aerosols  has  always  been 
attractive  to  clinicians.  Unfortunately,  despite  50  years  of 
experience  with  aerosolizing  a  wide  variety  of  agents  to 
treat  many  diseases,  there  remain  relatively  few  proven 
indications  for  this  mode  of  therapy.1  ~3  By  far  the  greatest 
clinical  experience  with  aerosolized  antimicrobial  therapy 
is  in  the  treatment  of  cystic  fibrosis.  However,  even  in 
cystic  fibrosis,  in  which  aerosolized  antibiotics  have  had 
widespread  use  for  several  decades,  large  well  controlled 
studies  have  only  recently  established  the  effectiveness  of 
aerosolized  antibiotic  therapy.4-5 
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The  successful  development  of  aerosolized  antimicro- 
bial therapy  depends  on  three  major  factors:  the  nature  of 
the  disease  process,  the  delivery  system,  and  the  antimi- 
crobial agent.6-7  Diseases  that  involve  infection  of  the  air- 
way without  a  substantial  systemic  component  (eg,  cystic 
fibrosis,  bronchiectasis)  are  much  more  suitable  for  aero- 
solized therapy  than  diseases  of  the  parenchyma  that  are 
associated  with  substantial  risk  of  systemic  complications 
(eg,  pneumococcal  pneumonia).  The  sophistication  of  aero- 
sol delivery  systems  has  also  greatly  increased  over  the 
past  decades.  The  crude  atomizers  that  produced  largely 
nonrespirable  aerosols  that  were  used  in  the  early  days  of 
aerosolized  antibiotic  therapy  have  given  way  to  modern 
jet  and  ultrasonic  nebulizers  and  dry  powder  devices  that 
produce  particles  that  are  much  more  likely  to  be  respira- 
ble  and  can  therefore  be  targeted  to  the  lower  airways. 

The  third  factor  is  the  nature  of  the  antimicrobial  agent. 
Until  recently,  inhaled  antimicrobial  therapy  consisted  of 
empirical  trials  of  aerosolization  of  intravenous  antibiotic 
formulations.  However,  the  pharmaceutical  industry  has  in 
recent  years  developed  specialized  formulations  of  exist- 
ing agents  that  are  designed  for  pulmonary  delivery  (eg, 
tobramycin5  and  pentamidine8).  In  addition,  advances  in 
molecular  pharmacology  are  likely  to  give  rise  to  a  wide 
variety  of  new  chemical  entities  that  may  be  suitable  for 
aerosol  delivery  (eg,  zanamivir,  which  is  currently  used  to 
treat  influenza1').  With  the  continued  development  of  new 
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Fig.  1.  Schematic  outlining  the  factors  that  prevent  extrapolation 
of  lung  dose  from  the  nominal  dose  placed  in  the  delivery  system. 
(From  Reference  7,  with  permission.) 


aerosol  delivery  systems  that  can  be  used  to  target  specific 
regions  of  the  lung  with  greater  degrees  of  accuracy,  and 
with  the  development  of  new  formulations  or  the  discov- 
ery of  new  chemical  entities,  it  is  likely  that  the  acceptance 
of  aerosolized  drug  delivery  will  continue  to  grow  in  the 
near  future. 

Dosing  of  Inhaled  Antimicrobials 

In  contrast  to  studies  of  inhaled  bronchodilators  or  bron- 
choprovocative  agents,  in  which  administration  of  a  single 
dose  results  in  readily  quantifiable  changes  in  airway  me- 
chanics, detecting  the  response  to  inhaled  antimicrobial 
agents  often  requires  multiple  doses  and  tends  to  be  qual- 
itative as  well  as  quantitative.  Furthermore,  the  relation- 
ship between  nominal  dose  and  bioavailability  is  much 
more  difficult  to  characterize  than  is  the  case  with  oral 
antimicrobial  therapy.  To  further  complicate  this  issue,  the 
regional  distribution  of  the  dose  (eg,  deposition  in  ex- 
trapulmonary regions  vs  central  airways  vs  alveolar  re- 
gions) may  be  as  important  as  the  dose  depositing  in  the 
patient. 

Before  reviewing  individual  agents,  let  us  briefly  review 
some  of  the  principles  related  to  dosing  of  these  agents. 
Figure  1  indicates  some  of  the  reasons  why  we  cannot 
extrapolate  the  dose  delivered  to  the  lung  from  the  nom- 
inal dose.7  The  confounding  factors  can,  however,  be 
grouped  in  ways  that  may  facilitate  the  development  of 
logical  strategies  to  optimize  drug  delivery.  First,  there  are 
factors  related  to  the  delivery  system,  such  as  differences 


in  output  and  particle  size  between  different  commercial 
delivery  systems,  the  effects  of  tubing,  holding  chambers 
and  other  connections,  and  changes  in  drug  formulation  or 
dilution  of  solutions  and  suspensions  for  nebulization.  All 
of  these  variables  can  be  assessed  in  vitro  prior  to  clinical 
studies.  Furthermore,  replication  of  inspiratory  breathing 
patterns  of  the  target  population  can  be  readily  incorpo- 
rated into  bench  models.10 

However,  there  is  a  second  group  of  factors  that  are 
much  more  difficult  to  replicate  in  vitro  and  that  usually 
require  clinical  studies."  These  factors  determine  the  fate 
of  a  particle  after  it  is  inhaled.  Once  an  aerosolized  drug 
particle  of  a  given  size  has  been  inhaled  at  a  given  flow, 
the  site  of  deposition  is  influenced  by  the  anatomy  of  the 
upper  and  lower  airways  and  by  the  patient's  breathing 
pattern,  including  breath-holding  and  the  presence  of  ex- 
piratory flow  limitation.6  Furthermore,  the  aerodynamic 
characteristics  of  an  aqueous  aerosol  may  be  altered  by  the 
relative  humidity  of  the  airway.12 

Measuring  the  dose  delivered  to  the  lung  is  the  most 
difficult  part  of  the  dosimetry  outlined  in  Figure  1 ,  and  has 
been  reviewed  elsewhere.6'7  Gamma  scintigraphy  is  a  tech- 
nique by  which  the  deposition  of  a  radiotracer  mixed  with 
the  drug  being  studied  is  measured  using  a  gamma  cam- 
era.61314 It  can  be  used  to  measure  the  total  dose  delivered 
to  the  lung,  and  to  assess  the  regional  distribution  of  de- 
posited radioactivity  (eg,  extrapulmonary  versus  pulmo- 
nary, or  central  airways  versus  lung  periphery). 

To  quantify  the  dose  delivered  to  the  patient  without 
measuring  the  regional  distribution,  there  are  a  number  of 
alternatives  to  gamma  scintigraphy.  For  example,  filters  or 
laser  diffraction  devices,  placed  near  the  patient's  mouth, 
can  measure  the  drug  delivered  during  inhalation  and  ex- 
halation, and  drug  deposition  is  equal  to  the  difference 
between  the  amounts  inhaled  and  exhaled.14  If  the  aerosol 
does  not  contain  a  substantial  fraction  of  particles  >  5  /nm 
in  diameter,  such  measurements  are  an  accurate  reflection 
of  pulmonary  drug  deposition  because  relatively  little  drug 
will  deposit  in  the  pharynx  during  tidal  breathing. 

Pharmacokinetic  assessments,  sometimes  combined  with 
gamma  techniques,  are  useful  in  characterizing  the  pulmo- 
nary deposition  of  inhaled  antimicrobials.15  17  For  exam- 
ple, Ilowite  et  al  reported  that  sputum  levels  of  gentamicin 
were  two  orders  of  magnitude  greater  than  levels  expected 
using  the  systemic  route.15  However,  sputum  concentra- 
tions were  more  reflective  of  deposition  in  the  central 
airways  than  of  the  total  amount  of  drug  deposited  in  the 
lung. 

In  addition  to  measuring  drug  levels  in  serum  and  re- 
spiratory secretions,  urine  collection  for  drug  concentra- 
tions is  a  useful  measure  of  the  systemic  bioavailability  of 
inhaled  aminoglycosides15  and  pentamidine.16  Systemic 
bioavailability  is  useful  as  an  indicator  of  the  adequacy  of 
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pulmonary  drug  delivery  and  as  a  safety  index  of  the  de- 
gree of  exposure  of  other  organ  systems  to  the  drug. 

Antibacterials:  Cystic  Fibrosis 

In  a  majority  of  patients  with  cystic  fibrosis  and  bron- 
chiectasis, the  airways  are  usually  colonized  by  Gram- 
negative  organisms  such  as  Pseudomonas  aeruginosa.  Af- 
ter persistent  colonization,  the  P.  aeruginosa  is  usually  of 
mucoid  phenotype  associated  with  reduced  penetration  of 
antibiotics  in  airway  secretions.  Aminoglycosides,  because 
of  their  poor  penetration  into  sputum  following  intrave- 
nous administration,18  their  potential  for  toxicity  with  high 
doses  and  prolonged  concentration,  and  their  activity 
against  P.  aeruginosa  have  been  the  most  frequently  pre- 
scribed inhaled  antibiotics  in  cystic  fibrosis. 192(1  Tobramy- 
cin is  the  most  frequently  used  aerosolized  antibiotic  be- 
cause of  higher  rates  of  resistance  with  gentamicin  and  the 
higher  cost  of  amikacin.  Other  antibiotics  administered  via 
inhalation  include  colistin'-2-21-22  and  a  few  reports  of  ceph- 
alosporins.23 With  the  exception  of  the  quinolones,  these 
organisms  are  not  usually  sensitive  to  oral  antibiotics  and 
require  intravenous  antibiotic  therapy.  Unfortunately,  after 
the  colonization  process  has  been  established,  intravenous 
antibiotic  therapy  is  usually  suppressive  rather  than  erad- 
icative. 

Repeated  courses  of  intravenous  antibiotics  lead  to  the 
development  of  drug  resistance,  as  well  to  the  complica- 
tions associated  with  obtaining  venous  access  for  a  long 
period  of  time.  Though  such  suppressive  therapy  with  aero- 
solized antibiotics  has  been  undertaken  for  many  years, 
large  multicenter  studies  have  only  recently  established 
that  this  treatment  is  in  fact  safe  and  effective.  In  a  new 
formulation  of  tobramycin  (TOBI,  tobramycin  solution  for 
inhalation,  PathoGenesis,  Seattle),  it  has  been  found  that 
administration  of  this  agent  twice  a  day  for  28  days  on 
alternate  months  is  associated  with  improved  pulmonary 
function  and  reduced  rates  of  acute  exacerbation.  How- 
ever, though  suppressive  therapy  is  the  most  common  in- 
dication for  prescribing  aerosolized  antibiotics  in  cystic 
fibrosis,  there  are  two  other  areas  of  interest  for  the  use  of 
aerosolized  antibiotics  in  cystic  fibrosis.  One  is  the  use  of 
aerosolized  antibiotics  to  eradicate  Gram-negative  organ- 
isms in  early  disease  and  prevent  colonization.  The  other 
is  their  potential  as  an  adjunct  to  intravenous  therapy  in 
acute  exacerbations. 

Overall,  the  results  of  earlier  inhaled  antibiotic  studies 
were  somewhat  difficult  to  interpret  because  of  differences 
in  study  design.  The  doses  of  antibiotics  have  differed 
between  studies  and  some  may  not  have  been  adequately 
blinded  because  of  the  distinctive  taste  of  some  aerosol- 
ized agents.  Likewise,  the  delivered  dose  has  varied  be- 
cause of  the  use  of  different  nebulizers  and  drug  formu- 
lations. 


Suppressive  Therapy 

Most  of  the  clinical  trials  of  inhaled  antibiotics  have 
concentrated  on  suppressive  therapy  in  the  period  between 
acute  exacerbations.  The  findings  of  these  studies  have 
been  reviewed  in  greater  detail  elsewhere. 1_3'18-22  Conclu- 
sions are  difficult  to  draw  from  integration  of  these  studies 
because  of  differences  in  study  design,  dosage,  and  deliv- 
ery system.  The  majority  of  aminoglycoside  studies  used 
aerosolized  tobramycin  compounded  from  intravenous  for- 
mulations. However,  though  earlier  studies  used  lower 
doses  and  yielded  various  results,  two  recent  large  multi- 
center  trials  provided  convincing  evidence  of  the  efficacy 
of  aerosolized  tobramycin  therapy  in  cystic  fibrosis.4-5  In 
the  first  of  these  studies,4  71  patients  were  randomized  to 
one  of  two  groups.  Group  1  received  600  mg  of  aerosol- 
ized tobramycin  for  28  days,  followed  by  placebo  for  two 
28-day  periods.  Group  2  received  placebo  for  28  days, 
followed  by  tobramycin  for  two  28-day  periods.  Pulmo- 
nary function  and  the  density  of  P.  aeruginosa  in  sputum 
were  assessed.  Treatment  with  tobramycin  in  the  first  28- 
day  period  was  associated  with  a  significant  increase  in 
forced  expiratory  volume  in  the  first  second  (FEV,)  per- 
cent of  predicted  (p  <  0.0001)  and  forced  vital  capacity, 
compared  to  placebo.  A  decrease  in  the  density  off.  aerugi- 
nosa in  sputum,  by  a  factor  of  100,  was  found  during  all 
periods  of  tobramycin  administration.  Analysis  of  the  three- 
period  crossover  demonstrated  that  tobramycin  adminis- 
tration was  associated  with  improvement  in  FEV,  but  that 
the  magnitude  of  the  treatment  effect  was  approximately 
half  the  magnitude  observed  in  the  first  period  parallel 
analysis.  No  significant  difference  was  found  between  to- 
bramycin and  placebo  for  forced  vital  capacity.  No  oto- 
toxicity or  nephrotoxicity  occurred,  and  the  emergence  of 
tobramycin-resistant  bacteria  was  similar  between  the  treat- 
ment groups.  Lastly,  a  treatment  effect  was  maintained 
during  a  28-day  off-drug  period  after  an  initial  28-day 
on-drug  period  (600  mg  tobramycin  tid),  suggesting  that 
continuous  therapy  was  not  required  to  maintain  improve- 
ments in  pulmonary  function. 

Most  recently,  in  a  multicenter,  controlled  study,  Ram- 
sey et  al5  assessed  TOBI,  a  formulation  of  tobramycin 
specifically  designed  for  aerosolization.  TOBI  is  a  sterile, 
preservative-free  solution  containing  60  mg/mL  of  tobra- 
mycin. It  is  to  be  used  in  conjunction  with  the  PARI-LC 
Plus  jet  nebulizer  with  a  DeVilbiss  Pulmo-Aide  compres- 
sor. Two  pivotal  studies  using  TOBI  at  a  dose  of  300  mg 
bid  demonstrated  its  safety  and  efficacy  in  cystic  fibrosis 
patients.  Because  the  aerosol  was  better  characterized  and 
the  delivery  system  was  probably  more  efficient,  these 
utilized  a  lower  dose  and  twice-daily  administration,  com- 
pared to  the  earlier  1993  study  by  Ramsey  et  al.4  A  total  of 
520  patients  were  randomly  assigned  to  receive  either  300 
mg  of  inhaled  tobramycin  or  placebo  twice  daily  for  4 
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Week 

Fig.  2.  Mean  change  in  forced  expiratory  volume  in  the  first  second 
(FEV,)  percent  of  predicted  (±  95%  confidence  interval)  over  24 
weeks  in  subjects  receiving  either  tobramycin  or  placebo.  The  "on 
drug"  boxes  (shaded  areas)  denote  periods  when  subjects  were 
on  either  inhaled  tobramycin  solution  (TOBI)  or  placebo.  (From 
Reference  5,  with  permission.) 


weeks,  followed  by  4  weeks  with  no  study  drug.  Treat- 
ment or  placebo  in  3  on-off  cycles  was  administered  for  a 
total  of  24  weeks.  The  end  points  included  pulmonary 
function,  the  density  of  P.  aeruginosa  in  sputum,  and  hos- 
pitalization. Patients  treated  with  tobramycin  had  an  aver- 
age FEV,  increase  of  10%  at  week  20,  as  compared  with 
week  0,  whereas  the  patients  receiving  placebo  had  a  2% 
FEV,  decrease  (Fig.  2).  During  each  period  when  the  drug 
was  not  being  administered,  improvement  in  lung  function 
was  maintained  while  the  density  of  P.  aeruginosa  sputum 
returned  toward  baseline  values  (Fig.  3).  Treatment  with 
tobramycin  decreased  the  density  of  P.  aeruginosa  sputum 
and  also  decreased  the  risk  of  hospitalization.  Subgroup 
analysis  revealed  that  the  most  impressive  response  to  TOBI 
was  in  teenagers,  an  important  finding,  because  this  group 
tends  to  have  the  most  rapid  rate  of  decline  in  lung  func- 
tion (Table  1 ).  Tinnitus  and  alteration  of  the  voice  were  the 
only  adverse  events  reported  in  a  significantly  greater  per- 
centage of  the  tobramycin  group  than  in  the  placebo  group. 
The  8  cases  of  tinnitus  reported  in  the  tobramycin  group 
were  transient  and  mild  or  moderate  in  severity  and  did  not 
lead  to  withdrawal  from  the  study.  Likewise,  voice  alter- 
ation was  mild  in  most  cases.  No  nephrotoxicity  was  de- 
tected. TOBI  has  superseded  the  "off  label"  use  of  paren- 
teral formulations  of  tobramycin  that  contain  preservatives 
and  the  safety  of  which  for  delivery  via  inhalation  has  not 
been  adequately  assessed. 

Polymyxins  are  cyclic  polypeptide  antibiotics.  Over  sev- 
eral decades,  at  least  three  polymyxin  preparations  (poly- 
myxin B  sulphate,  colistin  sulphate,  and  colistin  sul- 
phomethate  sodium)  have  been  administered  via  aerosol  to 
cystic  fibrosis  patients.2-21-22  At  present  in  the  United  States, 
only  colistin  sulphomethate  (Coly-Mycin)  is  approved  for 
parenteral  use,  and  it  has  less  systemic  toxicity  than  the 
other  two  agents.  Coly-Mycin  has  high  activity  against  P. 
aeruginosa,  but  Burkholderia  cepacia  is  often  resistant. 


Fig.  3.  Mean  change  in  sputum  P.  aeruginosa  density  (±  95%  CI) 
over  24  weeks  in  subjects  receiving  either  tobramycin  or  placebo. 
The  "on  drug"  boxes  (shaded  areas)  denote  periods  when  sub- 
jects were  on  either  inhaled  tobramycin  solution  (TOBI)  or  placebo. 
(From  Reference  5,  with  permission.) 


However,  the  "off  label"  use  of  parenteral  Coly-Mycin  for 
aerosol  therapy  is  not  supported  by  adequate  and  well 
controlled  trials  demonstrating  its  efficacy  and  safety,  and 
it  is  associated  (as  are  other  polymyxins)  with  a  substantial 
risk  of  severe  bronchospasm,  even  after  pretreatment  with 
a  j3-2  adrenergic  agonist. 

Acute  Exacerbations 

In  the  treatment  of  acute  respiratory  exacerbations  in 
cystic  fibrosis  patients,  studies  suggest  that  the  addition  of 
aerosolized  antibiotics  to  intravenous  antibiotic  therapy 
offers  little  additional  benefit.24-25  No  significant  improve- 
ment in  symptoms,  pulmonary  function,  or  prevention  of 
recolonization  was  noted  when  inhaled  aminoglycosides 
were  administered  in  conjunction  with  intravenous  amino- 
glycosides and  antipseudomonal  j8  lactams.24  Although  this 
adjunctive  inhaled  aminoglycoside  therapy  led  to  increased 
rates  of  eradication  of  P.  aeruginosa,  compared  to  intra- 
venous therapy  alone,  the  eradication  was  transient  and 
there  was  no  correlation  between  bacteriologic  response 
and  clinical  improvement.24  However,  because  these  small 
studies  may  indicate  a  trend  in  favor  of  increased  rates  of 
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Table  1 .      Response  to  Inhaled  Tobramycin  Subanalysis  by  Age  of  Subjects 


Subgroup 

No.  of 
Patients 

Mean  Change  in  FEV, 

Treatment 
Effect* 

p  Valuet 

Tobramycin 

Placebo 

Age 

0.005 

6-12  y 

113 

14.11 

5.52 

8.59 

0.08 

13-17  y 

120 

15.88 

-7.15 

23.03 

<  0.001 

>18  y 

229 

5.52 

-2.64 

8.16 

<  0.001 

Sex 

0.12 

Male 

246 

8.67 

-0.30 

8.97 

<  0.001 

Female 

216 

11.96 

-3.24 

15.20 

<  0.001 

Disease  severity 

0.88 

FEV,  <  50%  of  predicted 

209 

8.38 

-3.83 

12.21 

<  0.001 

FEV,  >  50%  of  predicted 

253 

11.50 

-0.12 

11.62 

<  0.001 

Use  of  dornase  alfa 

0.2 

Yes 

320 

11.28 

-2.28 

13.56 

<  0.001 

No 

142 

7.38 

-0.68 

8.06 

0.02 

All  patients 

462 

10.08 

-1.79 

11.87 

<0.00I 

FEVj  =  forced  expiratory  volume  in  the  first  second. 

*The  treatment  effect  was  calculated  as  the  difference  between  the  mean  changes  in  the  tobramycin  and  placebo  groups. 

i-For  each  subgroup,  the  first  p  value  is  for  the  overall  comparison  of  the  two  treatment  groups  by  analysis  of  variance;  the  other  p  values  are  for  subgroup-treatment  interactions. 

The  largest  response  in  FEV,  was  in  teenage  subjects,  the  smallest  in  adults. 

(Adapted  from  Reference  5.  with  permission.) 


eradication  with  adjuvant  therapy,  it  may  be  worth  reeval- 
uating this  issue  with  emphasis  on  either  enhanced  pul- 
monary delivery  of  aerosolized  antibiotics  or,  alternatively, 
by  focusing  on  subgroups  of  patients  (eg,  those  with  early 
disease  or  those  with  more  rapid  declines  in  pulmonary 
function). 


patients  who  are  in  many  cases  relatively  asymptomatic.  In 
addition,  concerns  about  the  emergence  of  drug  resistance 
with  early  therapy  need  to  be  allayed.  However,  if  these 
studies  can  be  replicated  on  a  wider  scale,  delaying  the 
progression  to  severe  disease  may  justify  the  expense  of 
early  intensive  therapy. 


Eradication/Prevention  of  Colonization 


Antibacterials:  Mechanical  Ventilation 


Most  studies  of  aerosolized  antibiotics  in  cystic  fibrosis 
have  concentrated  on  treating  or  suppressing  established 
infection/colonization,  but  Valerius  et  al22  assessed  whether 
chronic  pulmonary  colonization  with  P.  aeruginosa  in  cys- 
tic fibrosis  is  preventable.  Twenty-six  patients  who  had 
never  received  anti-pseudomonal  chemotherapy  were  ran- 
domized to  receive  either  no  antipseudomonal  chemother- 
apy or  oral  ciprofloxacin  and  aerosol  inhalations  of  colis- 
tin  twice  daily  for  3  weeks,  whenever  P.  aeruginosa  was 
isolated  from  routine  sputum  cultures.  During  the  27  months 
of  the  trial,  infection  with  P.  aeruginosa  became  chronic 
in  significantly  fewer  treated  subjects  than  untreated  sub- 
jects (2  [14%]  vs  7  [58%],  p  <  0.05)  and  there  were 
significantly  fewer  P.  aeruginosa  isolates  in  routine  spu- 
tum cultures  in  the  treated  group  (49/214  [23%]  vs  64/158 
[41%],  p  =  0.0006).  The  authors  concluded  that  chronic 
colonization  with  P.  aeruginosa  can  be  prevented  in  cystic 
fibrosis  by  early  institution  of  antipseudomonal  chemo- 
therapy. Though  these  preliminary  data  from  Denmark  are 
encouraging,  this  approach  requires  early  detection  of  the 
disease,  with  close  follow-up  and  intensive  therapy  for 


Patients  undergoing  mechanical  ventilation  are  predis- 
posed to  develop  pneumonia.  In  addition,  if  mechanical 
ventilation  is  prolonged,  a  purulent  bronchitis  can  develop 
that  may  interfere  with  attempts  to  wean  the  patient  from 
the  ventilator  and  necessitate  a  tracheostomy.  Though  the 
lower  airway  is  sterile  in  normal  subjects,  patients  under- 
going mechanical  ventilation  quickly  become  colonized 
with  Gram-negative  organisms  or  Staplocococcus  aureus. 
Antibiotic  resistance  is  common.  Though  aerosolized  an- 
tibiotics have  been  used  for  the  prophylaxis  of  pneumonia 
and  for  the  treatment  of  bronchitis,  neither  indication  is 
adequately  supported  by  well  controlled  trials.  However, 
though  the  evidence  suggests  that  routine  prophylaxis  of 
intubated  patients  with  aerosolized  antibiotics  may  not  only 
be  ineffective  but  could  be  counterproductive  and  danger- 
ous,26 there  is  preliminary  data  that  aerosolized  antibiotics 
used  selectively  may  have  a  role  in  the  treatment  of  pu- 
rulent tracheobronchitis  and  may  be  worthy  of  further  study. 
In  a  small  open-label  feasibility  study,  administration  of 
nebulized  gentamicin  to  patients  undergoing  prolonged  me- 
chanical ventilation  reduced  the  volume  of  purulent  secre- 
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tions.27  However,  simply  reducing  the  volume  of  secre- 
tions may  not  necessarily  be  clinically  important,  and  a 
number  of  key  questions  await  further  answers:  Does  the 
treatment  of  purulent  tracheobronchitis  affect,  either  ben- 
eficially or  adversely,  the  incidence  or  the  course  of  sub- 
sequent ventilator-associated  pneumonia?  Does  such  ther- 
apy facilitate  weaning  from  mechanical  ventilation  or 
decannulation  of  tracheostomies?  Does  aerosolized  antibi- 
otic therapy  promote  drug  resistance  at  rates  greater  than 
or  less  than  systemic  administration? 

In  order  to  address  any  of  these  issues  in  a  clinically 
meaningful  manner,  it  will  be  necessary  to  establish  the 
dose  of  drug  delivered  to  the  lungs  of  intubated  mechan- 
ically ventilated  patients.  Recent  studies  demonstrate  that 
it  is  possible  to  achieve  aminoglycoside  levels  in  the  se- 
cretions of  such  patients  that  are  10-50  times  higher  than 
serum  concentrations  achieved  using  the  same  nominal 
dose  administered  intravenously.27  However,  in  order  to 
achieve  such  antibiotic  concentrations,  it  is  necessary  to 
optimize  a  number  of  factors,  including  the  ventilator  set- 
tings, volume  fill  of  the  nebulizer,  treatment  time,  inter- 
ruption of  humidification,  and  the  type  of  nebulizer  and 
ventilator.28 

Once  it  has  been  established  that  the  drug  has  been 
delivered  in  adequate  concentrations,  the  clinical  issues 
listed  in  the  preceding  paragraph  can  then  be  explored.  In 
the  meantime  we  can  only  speculate.  We  believe  that  pro- 
phylactic or  indiscriminate  use  of  an  antibiotic  by  any 
route,  including  inhalation,  will  inevitably  lead  to  antibi- 
otic resistance.  However,  studies  in  cystic  fibrosis  patients 
suggest  that  the  risk  of  drug  resistance  is  probably  not 
greater  through  inhalation  than  through  systemic  adminis- 
tration. Furthermore,  the  high  concentrations  of  drug  in 
secretions  achieved  with  optimized  delivery  should,  theo- 
retically, retard  the  development  of  resistance. 

Reducing  the  volume  of  purulent  secretions  with  anti- 
biotic therapy  could  facilitate  weaning  or  decannulation  in 
some  patients.  However,  depending  on  the  chronicity  of 
the  hypersecretion,  in  many  patients  the  reduction  in  vol- 
ume is  likely  to  be  temporary.  Though  the  indiscriminate 
prophylactic  use  of  inhaled  antibiotics  is  unlikely  to  be 
useful,  it  is  not  possible  at  this  stage  to  predict  whether 
intensive  therapy  of  tracheobronchitis  will  prevent  venti- 
lator-associated pneumonia.  Controlled  clinical  trials  of 
aerosolized  antibiotics  in  mechanical  ventilation  are  needed 
before  this  mode  of  therapy  can  be  recommended  as  ef- 
fective or  safe. 

Pentamidine 

Aerosolized  pentamidine  is  used  as  prophylactic  ther- 
apy against  Pneumocystis  carinii  pneumonia  (PCP)  in  pa- 
tients with  human  immunodeficiency  virus.  Prior  to  its  use 
as  an  inhaled  formulation  for  PCP  prophylaxis,  pentami- 


dine had  been  used  for  many  years  as  a  systemic  therapy 
for  tropical  protozoal  infections  and  for  the  treatment  of 
rare  cases  of  PCP  in  immunocompromised  patients.  With 
the  advent  of  the  acquired  immunodeficiency  syndrome/ 
PCP  pandemic  in  the  1980s,  the  use  of  intravenous  pent- 
amidine greatly  increased.  Because  of  the  high  incidence 
of  PCP  in  patients  with  human  immunodeficiency  virus 
and  the  frequency  of  recurrence  of  the  condition  in  pa- 
tients with  a  prior  episode,  clinical  trials  of  prophylaxis 
were  undertaken  with  a  formulation  designed  for  inhala- 
tion.8 These  studies  found  that  aerosolized  pentamidine 
was  effective  as  secondary  prophylaxis  in  patients  with  at 
least  one  prior  episode  of  PCP  and  as  primary  prophylactic 
therapy  in  patients  with  CD4  counts  of  <  200/mm\  The 
widespread  introduction  of  aerosolized  pentamidine  was 
associated  with  a  significant  reduction  in  the  morbidity 
and  mortality  associated  with  PCP.  Some  reports  also  sug- 
gested that  it  could  be  used  as  therapy  for  a  subset  of 
patients  with  established  PCP,2y  but  the  inhaled  drug  is 
now  rarely  used  for  that  indication.  Even  though  it  has 
been  demonstrated  that  prophylaxis  with  trimethoprim- 
sulfamethoxazole  was  more  effective  and  less  expensive30 
than  aerosolized  pentamidine,  it  continues  to  be  used  in  a 
subset  of  patients  who  are  allergic  to  or  intolerant  of  sul- 
phonamide-containing  agents.  The  cumulative  failure  rate 
for  aerosolized  pentamidine  prophylaxis  in  patients  with 
CD4  counts  of  100-200/mm3  was  reported  to  be  21%  over 
a  3-year  period:  a  rate  comparable  to  that  of  trimethoprim- 
sulfamethoxazole  or  dapsone.'0  However,  in  patients  with 
CD4  counts  <  100/mm  ,  the  failure  rate  with  aerosolized 
pentamidine  is  33% —  significantly  higher  than  with  oral 
regimens.  The  oral  regimens  have  the  added  advantages  of 
providing  protection  against  toxoplasmosis  and  of  being 
less  expensive.  However,  the  patients  who  are  more  likely 
to  require  aerosolized  pentamidine  treatment  because  of 
intolerance  to  aerosolized  pentamidine  are  also  those  with 
CD4  counts  <  100  mm3,  and,  as  a  result,  aerosolized 
pentamidine  is  more  likely  to  be  used  in  the  group  in 
whom  it  is  less  effective. 

Radiologically,  PCP  usually  presents  as  a  diffuse  multi- 
lobe  pneumonia.  However,  it  has  been  suggested  that  pre- 
sentation with  upper  lobe  disease  may  be  more  common  in 
patients  receiving  aerosolized  pentamidine.11  The  possible 
interaction  of  regional  distribution  of  inhaled  pentamidine 
with  the  regional  distribution  of  PCP  has  been  discussed 
elsewhere.7 

Nebulizers  for  aerosolized  pentamidine  therapy  have  two 
requirements  not  routinely  fulfilled  by  commercial  jet  nebu- 
lizers. First,  they  need  to  provide  small  particles  (mass 
median  aerodynamic  diameter  of  approximately  1  jum)  to 
optimize  delivery  to  the  lung  periphery  rather  than  to  the 
central  airways.  Second,  they  must  incorporate  an  exhala- 
tion filter  to  reduce  environmental  contamination.  In  the 
United  States,  the  approved  nebulizer  for  aerosolized  pen- 
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tamidine  therapy  is  the  Respirgard  II  (Marquest  Medical, 
Englewood,  Colorado),  although  alternative  devices  have 
been  used  successfully  in  other  countries.  Its  design  incor- 
porates an  external  baffle  to  remove  large  particles  from 
the  aerosol,  and  the  treatment  time  is  40  minutes  to  neb- 
ulize 6  mL,  with  approximately  10%  of  the  drug  deposit- 
ing in  the  lung. 

Because  alveolar  clearance  of  relatively  insoluble  par- 
ticles is  slow  compared  to  the  clearance  of  particles  de- 
positing in  ciliated  airways  (weeks  instead  of  hours),  the 
drug  needs  to  be  administered  at  only  2-week  or  4-week 
intervals.  Plasma  levels  are  usually  undetectable,  but  pen- 
tamidine is  detectable  in  urine  for  weeks  after  administra- 
tion of  a  single  dose.  Urine  levels  correlate  with  bron- 
choalveolar  lavage  fluid  levels.16 

Aerosolized  pentamidine  is  a  relatively  safe  and  well 
tolerated  medication  for  most  patients.  The  most  common 
adverse  effects  are  cough  and  bronchospasm.  However, 
pretreatment  with  a  short-acting  0-2  agonist  can  prevent  or 
ameliorate  these  symptoms  in  most  patients.  There  is  some 
evidence  that  the  incidence  of  pneumothorax  may  be  higher 
in  patients  taking  aerosolized  pentamidine.31  Infection  with 
Pneumocystis  carinii  can  result  in  cystic  changes  in  the 
lung,  which  can  predispose  to  pneumothorax  formation. 
Furthermore,  if  aerosolized  pentamidine  therapy  induces 
frequent  severe  bouts  of  coughing,  the  risk  of  pneumotho- 
rax would  theoretically  increase.  As  a  result,  the  drug  should 
be  prescribed  with  caution  in  patients  considered  to  be  at 
increased  risk  of  this  complication. 

A  further  consideration  with  the  use  of  aerosolized  pen- 
tamidine concerns  the  exposure  of  health  care  workers  to 
the  drug.32  Indeed,  some  health  care  workers  have  had 
urinary  levels  that  approached  those  of  patients.  Though 
most  health  care  workers  exposed  to  aerosolized  pentam- 
idine are  asymptomatic,  there  are  anecdotal  reports  of 
cough,  aggravation  of  asthma,  and  at  least  one  case  of  a 
worker  developing  a  reduction  in  carbon  monoxide  diffus- 
ing capacity.  The  risk  of  exposure  is  increased  by  the  fact 
that  submicronic  particles  can  stay  suspended  in  room  air 
for  several  hours  and  are  thus  respirable  by  bystanders. 
Loose-fitting  face  masks  offer  little  protection  because  the 
inhaled  airstream  can  bypass  the  mask.  However,  if  pa- 
tients are  treated  in  well  ventilated  rooms  with  negative 
pressure  and  adequate  air  exchange  (or,  in  some  centers, 
specially  designed  booths),  large  numbers  of  patients  can 
be  treated  without  detectable  systemic  exposure  of  health 
care  workers.33  Because  the  nebulizers  that  are  used  for 
aerosolized  pentamidine  include  exhalation  filters,  the  most 
important  source  of  health  care  worker  contamination  may 
be  inadequately  supervised  patients  removing  the  device 
from  their  mouths  either  to  cough  or  to  converse  without 
first  switching  off  the  compressed  air  supply.32  Ideally, 
patients  should  be  observed  through  a  window  during  treat- 
ment, in  an  adequately  ventilated  room  or  booth. 


In  conclusion,  aerosolized  pentamidine  therapy  contin- 
ues to  have  a  role  for  the  prophylaxis  of  PCP  in  patients 
who  are  allergic  to  or  otherwise  intolerant  of  oral  prophy- 
laxis. The  development  of  aerosolized  pentamidine  has 
yielded  valuable  insights  into  the  evaluation  of  the  dose 
response  of  inhaled  drugs  and  increased  our  awareness  of 
the  need  to  protect  health  care  workers  from  exposure  to 
inhaled  drugs. 

Antifungal 

Invasive  pulmonary  aspergillosis  is  one  of  the  most  dev- 
astating complications  of  bone  marrow  transplantation  and 
aggressive  anticancer  chemotherapy  regimens.  Though  in- 
travenous amphotericin  B  is  the  most  effective  available 
treatment,  this  disease  is  frequently  fulminant  and  fatal.  In 
efforts  to  reduce  the  incidence  of  this  condition,  some 
investigators  have  prophylactically  administered  ampho- 
tericin B  via  inhalation.  An  aqueous  formulation  and  a 
liposomal  formulation  have  been  tested.34-35  Both  are  well 
tolerated  but  it  has  not  been  determined  whether  one  for- 
mulation is  superior  to  the  other.  Theoretically,  the  lipo- 
somal formulation  would  have  a  longer  residence  time  in 
the  airway.  Pilot  studies  suggest  that  inhaled  amphotericin 
B  is  relatively  well  tolerated,  though  cough  and  wheeze  is 
induced  in  some  patients,  especially  those  with  a  history  of 
asthma  or  airway  hyperreactivity.  It  appears  that  systemic 
exposure  is  low  after  administration  via  inhalation.  Unfor- 
tunately, because  of  insufficient  data,  it  is  not  possible  to 
determine  whether  such  treatment  is  effective.  No  large- 
scale  studies  have  been  published  to  date.  Most  studies 
have  examined  amphotericin  B  as  prophylaxis  for  pulmo- 
nary aspergillosis  in  neutropenic  patients  following  bone 
marrow  transplantation,  but  the  results  were  ambiguous 
because  of  inadequate  study  size  or  design.35"39  Because 
the  incidence  of  this  complication  is  relatively  episodic, 
studies  based  on  historical  controls  or  on  small  sample 
sizes  are  likely  to  be  inconclusive.  One  study  examined  the 
use  of  aerosolized  amphotericin  as  prophylaxis  against  fun- 
gal infections  following  lung,  heart-lung,  and  heart  trans- 
plantation, and  found  a  significant  reduction  in  the  inci- 
dence of  fungal  infections,  compared  to  a  case  control 
group.38  At  the  present  time,  the  role,  if  any,  of  inhaled 
antifungal  therapy  with  amphotericin  B  remains  undeter- 
mined. It  is  regrettable,  given  the  seriousness  of  pulmo- 
nary aspergillosis  in  immunosuppressed  patients,  that  in- 
haled amphotericin  B,  a  potentially  beneficial  prophylactic 
therapy,  has  not  yet  been  adequately  evaluated. 


Antiviral 


Ribavirin 


Ribavirin  therapy  for  respiratory  syncytial  virus  (RSV) 
infection  was  for  many  years  the  only  accepted  inhalation 
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Table  2.      Response  to  Treatment  with  Zanamivir  or  Placebo* 


Symptoms 

Placebo 

Zanamivir 

Difference  (95%  CI) 

p 

Relative  Risk  (95%  CI) 

Complications 
Intention  to  treat 

64/228  (28%) 

49/227  (22%) 

6%  (-2  to  15) 

0.135 

0.77(0.56-1.06) 

High  risk 

18/39    (46%) 

5/37    (14%) 

32%  (11  to  54) 

0.004 

0.29(0.13-0.64) 

Associated  antibiotic 

use 

Intention  to  treat 

52/228  (23%) 

45/227  (20%) 

3%  (-5  to  11) 

0.508 

0.87(0.61-1.24) 

High  risk 

lopment  of  compl 
with  permission.) 

15/39    (38%) 

cations  or  the  need  for 

5/37    (14%) 

antibiotic  therapy;  comparison 

of  high 

25%     (3  to  46) 

risk  patients  versus  intention  to  treat. 

0.025 

0.35(0.15-0.81) 

CI  =  confidence  interval. 
*Response  assessed  by  deve 
I  Adapted  from  Reference  9. 

therapy  for  viral  illness.3940  RSV  infection  is  the  one  of 
the  main  causes  of  acute  bronchiolitis  in  children,  most  of 
whom  are  less  than  three  years  old.40  Inhaled  drug  delivery 
in  very  young  patients  poses  technical  challenges,  and  the 
drug  is  delivered  via  humidification  tents  or  face  masks.  It 
has  also  been  delivered  to  patients  undergoing  mechanical 
ventilation.  However,  in  the  latter  setting  considerable  cau- 
tion is  required  because  the  drug  can  precipitate  in  and 
obstruct  ventilator  tubing.  The  drug  is  delivered  by  way  of 
a  specialized  small-particle  aerosol  generator  supplied  with 
the  drug.  This  is  the  only  device  that  should  be  used  to 
deliver  the  drug,  and  ribavirin  should  not  be  mixed  with 
other  agents.39  Though  the  small-particle  aerosol  generator 
can  be  incorporated,  with  suitable  precautions  and  adjust- 
ments, into  mechanical  ventilator  circuits,  it  is  recom- 
mended that  such  therapy  be  administered  in  centers  with 
prior  experience  in  this  relatively  complex  protocol.  De- 
spite the  extensive  clinical  experience  with  this  drug,  some 
controversy  continues  about  its  efficacy.  It  appears  effec- 
tive at  reducing  viral  shedding  from  respiratory  mucosa  in 
patients  with  RSV,  and  most  studies  agree  that  if  it  is 
administered  early  in  the  course  of  illness,  the  duration  and 
severity  are  shortened.  In  mechanical  ventilation,  contro- 
versy persists.  One  study  that  reported  considerable  ben- 
efit was  subsequently  criticized  for  having  used  water  as  a 
control.41  A  later  study,  which  used  a  saline  control,  re- 
ported a  lack  of  efficacy,  but  was  in  turn  criticized  as 
underpowered.42  The  current  American  Academy  of  Pedi- 
atrics recommendation  is  that  this  agent  be  considered  in 
the  setting  of  respiratory  failure  due  to  RSV  and  that  re- 
quires mechanical  ventilation.  In  addition  to  RSV,  aero- 
solized ribavirin  may  have  activity  against  influenza43  and 
adenovirus  infections.  When  delivered  parentally  it  has 
been  reported  as  being  useful  in  treating  Hanta  virus  in- 
fection and  Lassa  fever.39 

Ribavirin  is  well  tolerated  but  can  precipitate  cough  and 
bronchospasm  in  occasional  subjects.  Though  at  least  20 
deaths  have  been  reported  as  possibly  due  to  ribavirin 
administration,  the  severity  of  the  patients'  conditions 
makes  a  causal  relationship  difficult  to  establish.39-40 


Though  human  teratogenicity  is  unproven,  there  is  persua- 
sive evidence  that  ribavirin  is  teratogenic  in  most  species 
studied.  Thus,  the  drug  should  not  be  administered  to 
women  who  may  become  pregnant  or  to  lactating  mothers. 
In  addition,  concern  has  been  expressed  about  the  potential 
dangers  to  health  care  workers  exposed  to  ambient  drug, 
and  it  is  important  that  efforts  be  made  to  minimize  ex- 
posure.38 

Zanamivir 

Zanamivir  is  a  new  antiviral  agent  that  is  specific  for 
influenza  A  and  B.  The  mechanism  of  action  of  zanamivir 
is  inhibition  of  neuraminidase,  an  enzyme  that  is  important 
for  releasing  newly  formed  influenza  viral  particles  from 
the  surface  of  the  infected  cell.  Inhibition  of  this  enzyme 
effectively  disrupts  viral  replication.  The  drug  is  well  tol- 
erated, with  a  pattern  of  adverse  effects  similar  to  that  of 
placebo.  Zanamivir  is  delivered  as  a  powder  from  a  multi- 
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Fig.  4.  Response  to  treatment  with  zanamivir  (inhaled),  zanamivir 
(inhaled  plus  intranasal),  or  placebo,  as  assessed  by  the  persis- 
tence of  symptoms.  (From  Reference  45,  with  permission.) 
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Fig.  5.  Response  to  treatment  with  zanamivir  or  placebo  as  as- 
sessed by  the  persistence  of  symptoms;  comparison  of  high-risk 
patients  versus  intention  to  treat.  (From  Reference  9,  with  permis- 
sion.) 


dose  inhaler  called  the  Diskhaler.  The  drug  has  low  oral 
bioavailability  and  is  renally  excreted. 

Influenza  affects  about  a  hundred  million  Americans  in 
a  given  year  and  is  associated  with  about  40,000  deaths  per 
year.44  There  are  generally  three  courses  for  influenza  in- 
fection: 

1.  An  uncomplicated  illness  of  approximately  one 
week's  duration.  This  usually  occurs  in  previously 
healthy  patients,  and  it  is  in  this  group  that  zanamivir 
has  been  extensively  tested.  Studies  demonstrate  that 
the  use  of  zanamivir  can  significantly  shorten  the  du- 
ration of  influenza  symptoms  (Fig.  4).9-45  Studies  of  its 
possible  prophylactic  role  in  subjects  at  risk  of  contract- 
ing the  illness  (eg,  household  contacts  of  patients  with 
influenza)  are  in  progress. 

2.  Influenza  infection  may  progress  rapidly  to  viral  pneu- 
monia. There  are  no  data  on  the  role  of  Zanamivir  in  this 
group. 

3.  After  an  initial  improvement  the  patient  deteriorates, 
with  evidence  of  a  secondary  bacterial  pneumonia  or  purulent 
tracheobronchitis.  Many  of  these  patients  have  preexisting 
chronic  respiratory  disease.  The  drug  has  not  been  widely 
tested  in  asthma  or  bronchitis  patients.  Because  of  some  re- 
ports of  cough  and  bronchospasm,  the  drug  should  be  used 
with  caution  in  such  patients.  It  should  be  emphasized  that  if 
patients  with  clinical  evidence  of  bacterial  superinfection  are 
given  zanamivir,  that  they  should  also  receive  broad  spec- 
trum antibiotic  therapy.  Though  there  is  some  preliminary 
data  that  zanamivir  therapy  may  reduce  the  likelihood  of 
needing  antibiotic  therapy  in  patients  that  are  immunocom- 
promised because  of  a  pre-existing  respiratory  disease1 '  (see 
Table  2  and  Fig.  5),4*  these  data  are  limited,  and  additional 
studies  are  needed  in  compromised  patients. 


Summary 

Recent  controlled  clinical  trials  have  confirmed  the  use- 
fulness of  aerosolized  tobramycin  in  cystic  fibrosis  and  have 
emphasized  the  importance  of  ensuring  adequate  lung  deliv- 
ery of  inhaled  antimicrobials.  For  purulent  tracheobronchitis 
associated  with  prolonged  mechanical  ventilation  it  has  re- 
cently been  established  that  it  is  possible  to  deliver  substantial 
and  measurable  doses  of  medications  to  the  airway  via  aero- 
solization,  but  controlled  studies  are  needed  to  determine  the 
efficacy  and  safety  of  inhaled  antibiotic  therapy  in  this  set- 
ting. However,  prophylactic  aerosolized  antibiotic  therapy  in 
an  intensive  care  unit  setting  may  be  counterproductive.  Aero- 
solized pentamidine  continues  to  provide  prophylaxis  against 
PCP  in  a  substantial  minority  of  subjects  with  human  immu- 
nodeficiency virus  infection  who  are  intolerant  of  oral  agents. 
The  effectiveness  of  aerosolized  amphotericin  B  as  prophy- 
laxis against  aspergillosis  in  neutropenic  patients  needs  to  be 
evaluated  in  a  large  clinical  trial.  Zanamivir,  an  inhibitor  of 
neuraminidase,  delivered  via  inhalation,  shows  promise  in 
the  treatment  of  uncomplicated  influenza  infection,  but  more 
data  are  needed  on  its  effectiveness  and  safety  in  patients 
with  preexisting  respiratory  disease.  The  development  of  new 
chemical  entities,  more  efficient  delivery  systems,  and  more 
precise  measurement  of  dose-response  and  regional  pulmo- 
nary drug  distribution  of  inhaled  antimicrobials  suggest  that 
this  somewhat  neglected  topic  in  therapeutics  may  be  about 
to  receive  an  increased  degree  of  attention. 
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Introduction 

At  present  in  the  United  States,  there  are  5  different 
corticosteroids  available  for  use  via  the  inhalation  route 
(Table  1).  These  are  beclomethasone  dipropionate  (BDP), 
budesonide,  flunisolide,  fluticasone  propionate,  and  triam- 
cinolone acetonide.  Extensive  information  has  been  com- 
piled on  the  differences  in  pharmacologic  profiles  among 
these  products.  Both  in  vivo  and  in  vitro  testing  suggests 
that  these  5  inhaled  corticosteroids  may  have  clinically 
relevant  differences  in  potency.  Consequently,  asthma  man- 
agement guidelines  indicate  that  equal  doses  of  these  prod- 
ucts should  not  be  expected  to  have  equivalent  clinical 
effects. '  Dosing  regimens  must  be  adjusted  for  the  severity 
of  asthma  when  switching  from  use  of  one  inhaled  corti- 
costeroid to  another  (Table  2). 

Another  important  distinguishing  feature  among  these 
products  is  the  delivery  device  used  for  inhalation  admin- 
istration. Three  of  these  inhaled  corticosteroids  (BDP,  fluni- 
solide, and  triamcinolone  acetonide)  are  marketed  in  me- 
tered-dose  inhalers  (MDIs),  one  (budesonide)  is  available 
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only  in  a  dry  powder  inhaler  (DPI),  and  one  (fluticasone 
propionate)  is  available  in  both  an  MDI  and  a  DPI  form. 
The  inhaled  corticosteroids  currently  available  in  MDIs 
are  formulated  in  the  traditional  chlorfluorocarbon  (CFC) 
propellants.  The  United  States  Food  and  Drug  Adminis- 
tration (FDA)  is  currently  reviewing  new  drug  applica- 
tions for  several  inhaled  corticosteroids  reformulated  in 
non-CFC  propellants  (BDP,  fluticasone,  and  triamcino- 
lone acetonide).  A  new  drug  application  has  been  submit- 
ted to  the  FDA  for  an  inhaled  corticosteroid  (fluticasone) 
reformulated  in  a  new  type  of  DPI.  In  addition,  a  novel 
inhaled  corticosteroid  (mometasone  furoate)  formulated  in 
a  DPI  is  also  being  evaluated  by  the  FDA. 

As  a  result  of  these  pharmaceutical  development  efforts, 
conceivably  within  the  near  future,  respiratory  clinicians 
will  have  6  different  inhaled  corticosteroids  in  various 
inhalation  delivery  devices  available  for  use.  Comparing 
these  inhaled  corticosteroids  will  be  an  important  concern 
for  health  care  professionals  in  choosing  the  most  appro- 
priate treatment  for  patients  with  respiratory  disease. 

Therapeutic  Indications  for  Inhaled  Corticosteroids 

In  the  United  States,  the  only  currently  approved  indi- 
cation for  inhaled  corticosteroids  is  as  prophylactic  ther- 
apy for  the  maintenance  treatment  of  asthma.  There  has 
been  considerable  interest  in  using  inhaled  corticosteroids 
for  other  diseases,  most  notably  chronic  obstructive  pul- 
monary disease  and  sarcoidosis.  Clinical  data  obtained  from 
large  trials  show  that  the  use  of  inhaled  corticosteroids  in 
chronic  obstructive  pulmonary  disease  may  confer  small 
advantages  in  preserving  lung  function2  and  reducing  ex- 
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Table  1 .      Currently  Approved  Inhaled  Corticosteroids 


Beclomethasone 

Fluticasone 

Fluticasone 

Triamcinolone 

Generic  name 

Dipropionate 

Budesonide 

Flunisolide 

Propionate 

Propionate 

Acetonide 

Brand  name 

Beclovent  (Glaxo 

Pulmicort 

Aerobid  and  Aerobid-M 

Flovent 

Flovent 

Azmacort 

(manufacturer) 

Wellcome) 

Turbuhaler  (Astra 

(Forest) 

(Glaxo 

Rotadisk 

(Rhone- 

Vanceril  and  Vanceril 

Zeneca) 

Wellcome) 

(Glaxo 

Poulenc 

DS  (Schering  Plough) 

Wellcome) 

Rorer) 

Dosage  form 

MDI 

DPI 

MDI 

MDI 

DPI 

MDI  with 

42  /xg/puff  ex-actuator 

200  fig/dose 

250  /xg/puff  ex-actuator 

44,  1 10,  or 

50,  100,  or 

built-in  spacer 

(84  /xg/puff  for  the 

220  /xg/ 

250  /xg/dose 

100  /xg/puff 

double-strength 

puff  ex- 

ex-spacer 

product) 

actuator 

Recommended 

252-840  /xg 

400-1,600  /xg 

1,000-2.000  /xg 

176-1,760 

200-2,000 

600-1,600  /xg 

adult  daily  dose 

2  puffs  tid-10  puffs 

1  dose  bid^t- 

2  puffs  bid^t  puffs  bid 

MS 

K 

2  puffs  tid- 

bid  (half  the  number 

doses  bid  (stable 

2  puffs  bid 

2  doses  bid 

8  puffs  bid 

of  puffs  for  the 

patients  can  be 

(44)-4 

(50)-4  doses 

double-strength 

maintained  on  1 

puffs  bid 

bid  (250) 

product) 

dose  of  200  /xg/d) 

(220) 

Recommended 

Age  6-12 

Age  6-12 

Age  6-15 

Not 

Age  4-1 1 

Age  6-12 

pediatric  daily 

132^120 /xg 

400-800  ^.g 

1,000  /xg 

approved 

100-200  /xg 

300-1,200  /xg 

dose 

1  puff  tid-5  puffs  bid 

1  dose  bid— 2 

2  puffs  bid 

for  this  age 

1  dose  bid 

1  puff  tid— 

doses  bid  (stable 

group 

(50)-2  doses 

6  puffs  bid 

patients  can  be 

bid  (50) 

maintained  on  1 

laler.  DPI  =  dry  powder  inhaler. 

dose  of  200  /xg/d) 

MDI  -  metered-dose  in] 

Table  2.      Doses  of  Inhaled  Corticosteroids  Recommended  by  the  National  Asthma  Education  and  Prevention  Program  for  Adults  by  Severity  of 
Asthma* 


Beclomethasone 
Dipropionate 


Budesonide 


Flunisolide 


Fluticasone  Fluticasone  Triamcinolone 

Propionate  (MDI)      Propionate  (DPI)  Acetonide 


168-504  /xg/d         200-400  /xg/d       500-1.000  /xg/d 


-264  /xg/d 


Low  dose  for  mild, 

persistent 
Medium  dose  for  moderate,      504-840 /xg/d         400-600 /xg/d       1,000-2,000 /xg/d       264-660 /xg/d 

persistent 
High  dose  for  severe,  >  840  /xg/d  >  600  /xg/d  >  2,000  /xg/d  >  660  /xg/d 

persistent 


1 00-300  /xg/d  400- 1 ,000  /xg/d 

300-600 /xg/d  1,000-2,000 /xg/d 

>  600  /xg/d  >  2,000  /xg/d 


*Tbese  recommendations  are  taken  from  the  Expert  Panel  II  report1  and  do  not  necessarily  conform  to  FDA-approved  dosing.1 
MDI  =  metered-dose  inhaler.  DPI  =  dry  powder  inhaler. 


acerbation  rates.3  However,  it  is  unclear  whether  these 
benefits  warrant  the  cost,  inconvenience,  and  potential  risks 
of  long-term  treatment  of  chronic  obstructive  pulmonary 
disease  with  inhaled  corticosteroids.  Although  preliminary 
data  suggested  that  inhaled  corticosteroids  might  be  effec- 
tive in  the  treatment  of  sarcoidosis,4  recent  work  has  not 
been  able  to  confirm  this  benefit.5 

By  United  States  and  international  guidelines  on  asthma 
management,1-6  inhaled  corticosteroids  are  accepted  to  be 
the  most  useful  medication  currently  available  for  the  con- 


trol of  persistent  asthma  symptoms.  The  beneficial  effects 
of  inhaled  corticosteroids  in  asthma  relate  to  the  basic 
pathophysiology  of  this  disease  and  the  known  pharmaco- 
logic effects  of  this  class  of  drugs.  Asthma  is  a  disease 
clinically  recognized  by  airway  hyperresponsiveness,  but 
it  is  really  an  inflammatory  airway  disease.  The  inflam- 
mation extends  from  the  large  airways  to  the  small  air- 
ways.78 Airway  inflammation  can  be  found  at  the  first 
presentation  of  patients  with  asthma  symptoms,9  and  is 
evident  even  in  patients  with  mild,  intermittent  symptoms. 10 
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A  characteristic  histologic  feature  of  inflammation  in 
asthma  is  infiltration  of  airway  walls  by  eosinophils.  A 
more  recently  recognized  feature  of  inflammation  in  asthma 
is  remodeling  of  airway  walls,  specifically,  thickening  of 
the  lamina  reticularis  just  below  the  basement  membrane 
of  the  airway  epithelium."  Airway  remodeling  may  con- 
tribute to  chronic  air  flow  obstruction  in  asthma. 

Corticosteroids  have  direct  inhibitory  effects  on  several 
of  the  inflammatory  cells  implicated  in  the  pathogenesis  of 
asthma.12  These  drugs  reduce  the  number  of  circulating 
eosinophils,  by  either  a  direct  action  at  the  bone  marrow 
level  or  through  reducing  the  levels  of  cytokines  known  to 
be  required  for  eosinophil  survival.  Mucosal  mast  cell  num- 
bers also  decrease  with  corticosteroid  treatment,  again  pos- 
sibly because  of  reduction  in  the  cytokines  and  growth 
factors  necessary  for  mast  cell  survival.  Corticosteroids 
directly  inhibit  release  of  inflammation  mediators  from 
lymphocytes,  alveolar  macrophages,  and  airway  epithelial 
cells.  In  addition,  corticosteroids  are  known  to  reduce  mu- 
cus secretion  in  airways,  possibly  by  a  direct  inhibitory 
effect  on  submucosal  gland  cells. 

The  molecular  mechanisms  by  which  corticosteroids  ex- 
ert their  anti-inflammatory  effects  are  not  entirely  under- 
stood. Corticosteroids  are  known  to  bind  with  cytoplasmic 
receptors.  The  corticosteroid-receptor  complexes  translo- 
cate to  the  nucleus,  bind  to  recognition  sequences  on  cor- 
ticosteroid responsive  genes,  and  directly  affect  transcrip- 
tion of  genomic  content.  However,  the  anti-inflammatory 
effects  of  corticosteroids  probably  cannot  be  explained 
entirely  by  their  interactions  with  corticosteroid  response 
genes.  Corticosteroids  were  recently  found  to  interact  with 
other  cytoplasmic  factors,  such  as  activator  protein- 1  and 
nuclear  factor-«B,  which  also  affect  genomic  transcrip- 
tion. It  is  becoming  more  apparent  that  corticosteroids 
have  a  complex  effect  on  intracellular  function.  Whether 
the  cumulative  effects  of  corticosteroids  on  genetic  tran- 
scription are  an  increase  in  cellular  anti-inflammatory  pro- 
tein synthesis,  a  decrease  in  inflammatory  protein  synthe- 
sis, or  a  combination  of  both  is  not  clear. 

In  clinical  practice,  inhaled  corticosteroids  effectively 
reduce  airway  inflammation  in  asthma  patients.  Improve- 
ments in  lung  function  and  reduction  of  asthma  symptoms 
with  the  use  of  inhaled  corticosteroids  have  been  directly 
related  to  a  decrease  in  airway  inflammation.13  The  long- 
term  use  of  inhaled  corticosteroids  has  been  shown  to 
reduce  both  airway  inflammation  and  secondary  airway 
remodeling.14  The  fundamentally  important  role  of  inhaled 
corticosteroids  in  treating  asthma  has  been  demonstrated 
by  several  studies,  which  showed  that  the  maximum  ben- 
eficial effect  is  achieved  with  early  use  of  these  drugs.  For 
example,  delaying  use  by  relying  on  bronchodilators  alone 
to  manage  symptoms  reduces  the  improvement  in  lung 
function  potentially  achievable  with  inhaled  corticoste- 
roids. "■"> 


In  the  treatment  of  asthma,  corticosteroids  may  be  ad- 
ministered in  a  variety  of  ways  other  than  the  inhaled 
route,  including  orally  or  systemically  as  either  an  intra- 
venous or  intramuscular  injection.  In  severe  cases  of  asthma, 
oral  or  systemic  administration  of  corticosteroids  is  pre- 
ferred. However,  potentially  serious  disadvantages  of  oral 
and  systemic  administration  of  corticosteroids  include  the 
risk  of  systemic  adverse  effects.  With  prolonged  use  of 
oral  and  systemic  corticosteroids  comes  the  risk  of  sup- 
pression of  the  hypothalamic-pituitary  adrenal  axis,  inhi- 
bition of  growth  in  pediatric  patients,  and  osteoporosis  in 
adults,  skin  thinning,  easy  bruisability,  ocular  cataracts, 
abnormalities  in  carbohydrate  and  lipid  metabolism,  change 
in  body  habitus,  and  mood  disorders.  An  important  advan- 
tage of  inhaled  corticosteroids  is  that  they  have  been  shown 
to  have  a  topical  anti-inflammatory  effect.17  Consequently, 
inhaled  corticosteroids  achieve  and  maintain  beneficial  an- 
ti-inflammatory effects  with  much  lower  total  daily  doses 
and  much  less  risk  of  serious  adverse  effects  than  oral  or 
systemic  corticosteroids. 

Methods  for  Comparing  Inhaled  Corticosteroids 

Potency 

The  term  "potency"  refers  to  the  strength  of  the  physi- 
ologic or  pharmacologic  response  to  a  known  concentra- 
tion of  a  drug.  Although  potency  implies  a  bearing  on 
clinical  efficacy,  this  may  not  always  be  the  case.  The 
actual  relationship  between  potency  and  clinical  efficacy 
is  complex,  because  the  physiologic  or  pharmacologic  test 
used  in  assessing  potency  may  not  accurately  reflect  the 
disease  pathophysiology.  Inhaled  corticosteroids  provide  a 
good  example  of  the  difficulties  encountered  in  relating 
potency  to  clinical  efficacy.  The  most  commonly  used 
test  to  assess  the  potency  of  inhaled  corticosteroids  is 
the  MacKenzie  skin  blanching  test.  The  corticosteroid  to 
be  tested  is  formulated  in  a  solution  and  placed  on  the  skin 
for  several  hours.  The  degree  of  blanching  or  whitening  of 
the  underlying  skin  is  used  as  the  measure  of  potency. 
However,  skin  blanching  reflects  vasoconstriction,  which 
is  not  a  prominent  feature  of  asthma  pathophysiology.  Fur- 
thermore, the  vascular  structure  of  the  skin  is  substantially 
different  than  that  of  the  lung.  Relative  potencies  of  the  5 
currently  available  inhaled  corticosteroids  have  been  mea- 
sured using  the  MacKenzie  skin  blanching  test  (Table  3), 
but  should  only  be  interpreted  in  the  context  of  clinical 
trial  results.18 

Other  methods  for  estimating  potency  of  inhaled  corti- 
costeroids involve  measuring  the  receptor  binding  affinity 
and  the  receptor  binding  half-life.  A  drug  that  binds  more 
avidly  to  receptors  for  longer  time  periods  might  be  ex- 
pected to  be  more  effective.  There  are  limitations  to  these 
tests,  however.  The  cells  used  for  in  vitro  testing  of  re- 
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Table  3.      Relative  Topical  Potencies  and  Receptor  Binding  Characteristics  of  Currently  Available  Inhaled  Corticosteroids 


Beclomethasone  Dipropionate      Budesonide      Flunisolide 


Fluticasone 
Propionate 


Triamcinolone  Acetonide 


MacKenzie  skin  blanching  test* 
Receptor  binding  affinity* 
Receptor  binding  half-life  (hours) 


*  Relative  to  dexamethasone  with  a  value  of  1. 


600 

980 

330 

1,200 

0.4 

9.4 

1.8 

18.0 

Not  known 

5.1 

3.5 

10.5 

390 
3.6 
3.9 


ceptor  binding  affinity  and  receptor  binding  half-life  might 
not  accurately  reflect  the  binding  affinities  of  relevant  in- 
flammatory cells  such  as  eosinophils  and  mast  cells.  A 
more  fundamental  difficulty  with  this  approach  is  apparent 
from  the  emerging  view  of  the  molecular  mode  of  action 
of  corticosteroids.  It  is  becoming  clear  that  corticosteroids 
are  interacting  with  cells  in  more  complex  ways  than  can 
be  accounted  for  by  receptor  binding  alone,  as  discussed 
above.  Accepting  these  difficulties  with  relating  binding 
affinity  and  half-life  to  cellular  effects,  the  known  binding 
characteristics  of  inhaled  corticosteroids  (see  Table  3) 
should  be  interpreted  cautiously.18 

More  recently,  attempts  have  been  made  to  relate  in 
vitro  corticosteroid  receptor  binding  affinity  to  transcrip- 
tional activity  of  genes  known  to  be  controlled  by  the 
corticosteroid  receptor.19  As  the  genes  responsible  for  the 
anti-inflammatory  effects  of  corticosteroids  become  better 
understood,  this  approach  may  be  very  useful  in  relating  in 
vitro  measures  of  potency  to  clinical  measures  of  efficacy. 
Another  approach  to  comparing  the  potency  of  inhaled 
corticosteroids  is  to  measure  histamine  release  from  ba- 
sophils, eosinophil  viability,  and  eicosanoid  release  from 
airway  epithelial  cells  after  prolonged  culture  with  the 
various  drugs.20-21  The  advantage  to  this  approach  is  the 
use  of  cells  accepted  to  be  intimately  related  to  the  patho- 
genesis of  asthma. 

Pharmacokinetics/Pharmacodynamics 

The  usual  approaches  to  assessing  the  pharmacokinetic 
profile  of  a  drug  rely  on  measuring  serum  concentrations 
over  time  and  calculating  such  factors  as  peak  serum  con- 
centration, time  to  peak  serum  concentration,  serum  half- 
life,  and  integrated  serum  concentration  over  time  (also 
known  as  the  area-under-the-curve  of  serum  concentra- 
tion). Unfortunately,  these  standard  pharmacokinetic  as- 
sessments provide  little  insight  into  differences  among  in- 
haled corticosteroids,  because  the  efficacy  of  these  drugs 
is  related  to  their  topical  anti-inflammatory  effects  and  not 
their  serum  concentrations.  For  inhaled  corticosteroids, 
their  pharmacodynamic  profile,  which  is  the  relationship 
between  drug  dose  and  drug  effect,  relates  to  the  intrapul- 


monary  handling  of  the  inhaled  drug.  Recent  work  indi- 
cates that  for  some  inhaled  corticosteroids  there  is  a  dis- 
sociation between  serum  concentration  of  the  drug  and 
concentration  in  lung  tissue.  Fluticasone  propionate  has 
been  shown  to  be  retained  in  lung  tissue  for  much  longer 
than  is  evident  from  serum  concentrations.22  The  implica- 
tion of  this  finding  is  that  the  topical  anti-inflammatory 
effect  will  persist  for  much  longer  than  the  risk  of  systemic 
adverse  effects. 

Because  it  is  difficult  to  estimate  topical  airway  anti- 
inflammatory effects  from  serum  concentrations  of  an  in- 
haled corticosteroid,  an  alternative  method  for  comparing 
inhaled  corticosteroids  has  been  proposed.  This  approach 
is  based  on  calculating  the  lung  and  systemic  biovailability 
profiles  of  the  various  products.  The  bioavailability  of  a 
product  relates  the  integrated  serum  concentration  of  a 
drug  over  time  to  the  dose  administered.  Bioavailability  of 
a  product  depends  on  the  method  of  administration.  Intra- 
venous administration  is  typically  used  to  measure  sys- 
temic bioavailability  and  is  an  accepted  reference  standard 
for  drugs  administered  via  inhalation.  Relating  bioavail- 
ability after  inhalation  delivery  to  systemic  bioavailability 
allows  calculation  of  lung  bioavailability.  High  lung  bio- 
availability relative  to  systemic  bioavailability  indicates 
that  more  of  the  drug  reached  the  systemic  circulation  via 
the  lungs,  and,  consequently,  provided  beneficial  topical 
anti-inflammatory  effects. 

Estimating  the  lung-to-systemic  bioavailability  ratio  pro- 
vides a  basis  for  understanding  the  therapeutic  index  of  an 
inhaled  corticosteroid.  The  therapeutic  index  quantifies  the 
relationship  between  benefits  and  risks  of  administering  any 
drug.  The  concept  of  relative  therapeutic  indices  is  probably 
most  easily  understood  by  comparing  the  use  of  inhaled  cor- 
ticosteroids and  oral/systemic  corticosteroids  in  asthma.  The 
beneficial  effect  of  administering  corticosteroids  by  any  route 
is  the  anti-inflammatory  effect.  However,  the  benefits  of  an 
inhaled  corticosteroid  in  treatment  of  asthma  are  clearly  the 
topical  anti-inflammatory  effects.  In  other  words,  by  admin- 
istering the  drug  directly  to  the  airways  (the  site  of  inflam- 
mation) the  dose  can  be  kept  sufficiently  low  that  systemic 
anti-inflammatory  effects  (and.  presumably,  systemic  adverse 
effects)  are  avoided.  Oral  and  systemic  corticosteroids  reach 
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the  lung  secondarily  through  the  systemic  circulation  and 
cause  both  systemic  and  local  (respiratory  tract)  anti-inflam- 
matory effects.  However,  the  risks  of  systemic  adverse  ef- 
fects is,  obviously,  much  greater,  because  the  corticosteroid 
reaches  the  systemic  circulation  through  nonpulmonary  routes, 
either  the  gastrointestinal  tract  or  the  venous  system.  In  gen- 
eral, inhaled  corticosteroids  have  a  more  favorable  therapeu- 
tic index  than  oral  or  systemic  corticosteroids  because  the 
beneficial  anti-inflammatory  effects  are  achieved  with  much 
less  risk  of  systemic  adverse  effects.  Conceptually,  inhaled 
corticosteroids  can  be  viewed  as  having  a  high  lung  bioavail- 
ability and  a  low  systemic  bioavailability  (ie,  the  products  are 
delivered  directly  to  the  lung  and  little  gets  into  the  systemic 
circulation).  Oral  and  systemic  corticosteroids  have  a  rela- 
tively low  lung  bioavailability  (only  a  portion  reaches  the 
lungs  and  most  is  distributed  throughout  the  rest  of  the  body) 
but  a  high  systemic  bioavailability. 

The  therapeutic  index  of  various  inhaled  corticosteroids 
can  be  compared  in  a  similar  way.  Products  with  the  most 
favorable  therapeutic  index  have  most  of  the  drug  entering 
the  body  through  the  lungs  (ie,  high  lung  bioavailability) 
and  only  a  small  amount  reaching  the  systemic  circulation 
through  nonpulmonary  routes  (ie,  low  systemic  bioavail- 
ability). This  type  of  comparison  is  possible  because  the 
pharmaceutical  industry  has  developed  inhaled  corticoste- 
roids that  differ  substantially  in  their  lung  deposition  and 
metabolic  characteristics.  For  the  inhaled  corticosteroids 
that  have  been  commercially  available  for  more  than  5-10 
years,  only  a  small  percentage  of  the  drug  released  from 
the  delivery  device  actually  reaches  the  lower  respiratory 
tract.23  Most  of  the  aerosolized  particles  released  from  the 
delivery  device  and  carrying  drug  actually  impact  on  the 
tongue  or  the  posterior  oropharynx.  These  particles  are 
subsequently  swallowed;  swallowed  drug  may  eventually 
reach  the  systemic  circulation  after  being  absorbed  in  the 
gastrointestinal  tract  and  passing  through  the  hepatic  cir- 
culation. The  therapeutic  index  is  still  favorable  compared 
to  oral  and  systemic  corticosteroids,  but  is  not  ideal,  be- 
cause drug  reaching  the  systemic  circulation  through  the 
gastrointestinal  tract  may  cause  systemic  adverse  effects 


with  minimal  contribution  of  airway  anti-inflammatory 
benefit. 

Recognizing  the  historic  limitations  of  delivering  in- 
haled corticosteroids  to  the  airways,  the  pharmaceutical 
industry  took  two  different  approaches  to  improve  the  ther- 
apeutic index  of  these  products.  The  first  approach  was  to 
increase  the  metabolism  of  absorbed  drug  by  the  liver  so 
that,  even  though  the  drug  might  have  poor  lung  deposi- 
tion characteristics,  any  swallowed  drug  would  be  broken 
down  in  the  liver  and  thus  unlikely  to  reach  the  systemic 
circulation.  Another  approach  was  to  improve  the  lung 
deposition  characteristics  of  the  inhaled  corticosteroid.  The 
inhaled  corticosteroid  currently  available  with  the  best  lung 
deposition  profile  is  budesonide,  but  even  with  this  prod- 
uct only  about  25-30%  of  the  aerosolized  drug  reaches  the 
lungs.  A  newer  product,  though,  has  much  improved  lung 
deposition  characteristics:  approximately  55-60%  of  the 
ex-actuator  dose  of  BDP  formulated  in  a  non-CFC  propel- 
lant  reaches  the  lower  respiratory  tract.24  The  majority  of 
drug  with  excellent  lung  deposition  characteristics  that 
reaches  the  systemic  circulation  has  passed  through  the 
lungs  and  provided  topical  anti-inflammatory  benefits. 

An  estimate  of  the  lung-to-systemic  bioavailability  ratio 
is  a  surrogate  estimate  of  the  therapeutic  index  of  an  in- 
haled corticosteroid.  The  greater  the  proportion  of  drug 
reaching  the  systemic  circulation  through  the  lungs  (lung 
bioavailability)  relative  to  total  systemic  bioavailability  of 
drug,  the  greater  the  topical  anti-inflammatory  benefits 
relative  to  the  risks  of  systemic  adverse  effects.  Estimates 
of  the  lung-to-systemic  bioavailability  ratio  suggest  that 
inhaled  corticosteroids  that  are  either  metabolized  exten- 
sively by  the  liver  (such  as  fluticasone)  or  have  excellent 
lung  deposition  characteristics  (such  as  the  new  BDP  prod- 
uct) will  be  preferred  (Table  4). 

Clinical  Trials 

Inherent  in  our  understanding  that  inhaled  corticoste- 
roids provide  their  benefits  through  topical  anti-inflamma- 
tory effects  is  an  appreciation  that  surrogate  measures  such 


Table  4.      Estimates  of  the  Lung  to  Systemic  Bioavailability  Ratios  for  Inhaled  Corticosteroids* 


Product 

% 

Dose  Deposited  in 
the  Lungs 

BDP  via  CFC  propellant 

5.5 

BDP  via  non-CFC  propellant 

56.1 

Budesonide  via  MDI 

15 

Budesonide  via  DPI 

30 

Fluticasone  propionate  via  DPI 

12 

%  Dose  Reaching  the  Systemic 

Circulation  after  Absoiption  from  the 

Gastrointestinal  Tract 


Lung/Systemic 
Bioavailability  Ratio 


•Data  from  personal  communication  with  3M  Pharmaceuticals.  St  Paul.  Minnesota.  1999. 

BDP  ■  hcclomcthasonc  dipropionate.  CFC  =  chlorofluorocarhon.  MDI  ■  mclercd-dosc  inhaler  DPI 


dry  powder  inhaler. 


14.7 
5.5 
7.7 
5.3 
0.6 


0.27 
0.92 
0.66 
0.85 
0.95 
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FEVj 

Percent 

Predicted 


Study  Week 

Fig.  1.  The  change  from  baseline  in  forced  expiratory  volume  in  the  first  second  (FEV,)  percent  of  predicted  is  shown  for  the  study 
comparing  beclomethasone  dipropionate  (BDP)  formulated  in  chlorofluorocarbon  (CFC)  propellant  (filled  circles,  squares,  and  triangles)  with 
BDP  formulated  in  a  non-CFC  propellant  (hydrofluoroalkane  [HFA])  (open  circles,  squares,  and  triangles)  over  the  6  weeks  of  the  study. 
Three  different  doses  of  each  product  were  used.  Note  that  there  was  increasing  benefit  for  each  product  as  dose  was  increased.  Also,  at 
each  dosing  level  there  was  greater  benefit  from  the  non-CFC  BDP  product.  (Adapted  from  Reference  25.) 


as  potency  and  estimates  of  lung  and  systemic  bioavail- 
ability will  not  be  true  measures  of  the  differences  among 
inhaled  corticosteroids.  The  most  useful  and  clinically  rel- 
evant method  for  comparing  inhaled  corticosteroids  should 
be  based  on  patient  trials.  However,  historically,  the  use  of 
clinical  trials  to  compare  inhaled  corticosteroids  has  not 
been  successful,12  because  of  a  combination  of  factors, 
particularly  related  to  two  features  of  study  design.  To 
compare  inhaled  corticosteroids,  it  is  first  essential  to  in- 
clude patients  who  are  known  to  be  responsive  to  inhaled 
corticosteroids.  It  is  also  critical  to  include  multiple  doses 
of  the  inhaled  corticosteroids  being  compared  to  demon- 
strate dose  response  (ie.  increasing  effect  with  increasing 
dose).  Only  by  demonstrating  a  dose  response  can  the 
effects  of  two  different  inhaled  corticosteroids  be  com- 
pared. 

A  recent  study  demonstrated  that  with  the  proper  study 
design  the  clinical  efficacy  of  two  different  inhaled  corti- 
costeroids can  be  distinguished.  The  study  compared  the 
currently  available  BDP  product  formulated  in  CFC  pro- 
pellant with  a  BDP  product  formulated  in  a  non-CFC  pro- 
pellant. It  was  hypothesized  that  the  BDP  in  the  non-CFC 
propellant  would  have  greater  clinical  efficacy  because  it 
had  better  lung  deposition  characteristics.  The  study  de- 
sign required  that  asthma  patients  using  inhaled  cortico- 
steroids undergo  an  inhaled  corticosteroid  washout  phase. 


Only  patients  who  had  a  decrease  in  lung  function  and  an 
increase  in  asthma  symptoms  with  inhaled  corticosteroid 
washout  were  entered  into  the  study.  This  requirement 
ensured  that  the  study  population  was  clearly  responsive  to 
inhaled  corticosteroids.  The  study  design  also  included  3 
different  doses  of  each  of  the  2  products.  The  statistical 
analysis  required  that  increasing  benefit  be  found  with 
increasing  doses  of  each  product  before  the  two  products 
could  be  compared.  The  results  demonstrated  (Fig.  1 )  that 
this  approach  was  successful  in  showing  that  the  BDP 
product  formulated  in  the  non-CFC  propellant  (with  better 
lung  deposition  characteristics)  was  indeed  more  effective 
in  improving  lung  function  and  controlling  asthma  symp- 
toms.25 This  improvement  in  clinical  effect  was  achieved 
without  compromising  systemic  safety.26 

Effects  of  Inhalation  Delivery  Device 

There  has  been  tremendous  interest,  both  within  the 
pharmaceutical  industry  and  academia.  in  the  development 
of  new  types  of  inhalation  delivery  devices.  At  present 
there  are  two  basic  types  of  inhalation  delivery  devices 
commercially  available  for  use  with  inhaled  corticoste- 
roids in  the  United  States:  the  MDI  and  the  DPI.  There  are 
important  differences  between  the  two  types  of  DPIs  cur- 
rently available  in  the  United  States.  The  differences  be- 
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tween  MDIs  and  DPIs  are  further  compounded  by  the 
common  recommendation  to  use  spacer  devices  with  MDIs 
but  not  with  DPIs.  Also,  there  is  considerable  variability  in 
pharmaceutic  profile  (ie,  the  medication  delivery  and  the 
medication  particle  size  distribution)  among  the  various 
inhalation  delivery  devices.  Little  research  is  currently 
available  on  the  implications  of  these  differences  on  clin- 
ical efficacy;  most  studies  concentrate  on  the  risk  of  sys- 
temic adverse  effects  with  use  of  different  inhalation  de- 
livery devices  and  provide  no  information  on  any  potential 
benefits.27 

One  particularly  unfortunate  aspect  of  the  development 
of  new  inhalation  delivery  devices  has  been  a  marketing 
emphasis  on  the  ease  of  use  of  these  products,  with  little 
data  on  how  this  might  affect  actual  patient  use.  The  im- 
plication that  an  easier-to-use  product  might  improve  pa- 
tient adherence  with  regular  use  of  their  inhaled  cortico- 
steroids must  be  substantiated  by  clinical  trial  data. 
Consequently,  it  is  premature  to  compare  either  different 
inhaled  corticosteroids  or  the  same  inhaled  corticosteroid 
on  the  basis  of  type  of  inhalation  delivery  device.  Fortu- 
nately, the  respiratory  care  practicioner  can  choose  among 
a  variety  of  inhalation  delivery  devices,  based  on  a  needs 
assessment  of  the  individual  patient  for  the  administration 
of  inhaled  corticosteroids. 

Summary 

There  are  currently  available  5  different  inhaled  corti- 
costeroids, in  a  variety  of  different  inhalation  delivery  de- 
vices. In  the  near  future  there  will  certainly  be  more  in- 
haled corticosteroids  in  newer  inhalation  delivery  devices 
available  in  the  United  States.  Tremendous  amounts  of 
information  will  be  made  available  about  the  relative  ad- 
vantages and  disadvantages  of  these  new  products.  Most 
of  this  information  will  relate  to  measures  of  potency, 
pharmacokinetic  profiles,  and  technical  issues  about  the 
ease  of  use.  The  respiratory  care  practicioner  should  be 
aware  that  estimating  the  clinical  benefits  from  the  topical 
anti-inflammatory  effects  of  these  newer  products  will  be 
difficult  to  determine  from  this  information.  Also  difficult 
to  understand  will  be  the  effects  of  easier  to  use  inhalation 
delivery  devices  on  patient  adherence  to  prescribed  in- 
haled cortiocosteroid  dosing  regimens.  Information  from 
well  designed  clinical  trials  should  be  the  basis  for  com- 
paring presently  available  and  newly  developed  inhaled 
corticosteroids. 

REFERENCES 

I .  National  Asthma  Education  and  Prevention  Program.  Expert  Panel 
Report  2:  Guidelines  for  the  diagnosis  and  management  of  asthma. 
Bethcsda,  1997;  National  Institutes  of  Health,  NHLBI,  NIH  Publi- 
cation No.  97-4051.  Available  at  www.nhlbi.nih.gov/guidelines/ 
asthma/asthgdln.htm.  Accessed  June  6,  2(XK). 


2.  Pauwels  RA,  Lofdahl  CG,  Laitinen  LA,  Schouten  JP,  Postma  DS, 
Pride  NB,  Ohlsson  SV.  Long-term  treatment  with  inhaled  budes- 
onide  in  persons  with  mild  chronic  obstructive  pulmonary  disease 
who  continue  smoking.  European  Respiratory  Society  Study  on 
Chronic  Obstructive  Pulmonary  Disease.  N  Engl  J  Med  1999;340(25): 
1948-1953. 

3.  Paggiaro  PL,  Dahle  R,  Bakran  I,  Frith  L,  Hollingworth  K.  Efthimiou 
J.  Multicentre  randomised  placebo-controlled  trial  of  inhaled  fluti- 
casone propionate  in  patients  with  chronic  obstructive  pulmonary 
disease.  Lancet  1998;351(9105):773-780. 

4.  Alberts  C,  van  der  Mark  TW,  Jansen  HM.  Inhaled  budesonide  in 
pulmonary  sarcoidosis:  a  double-blind,  placebo-controlled  study. 
Dutch  Study  Group  on  Pulmonary  Sarcoidosis.  Eur  Respir  J  1995; 
8(5):682-688. 

5.  Pietinalho  A,  Tukiainen  P,  Haahtela  T,  Persson  T,  Selroos  O.  Oral 
prednisolone  followed  by  inhaled  budesonide  in  newly  diagnosed 
pulmonary  sarcoidosis:  a  double-blind,  placebo-controlled  multi- 
center  study.  Finish  Pulmonary  Sarcoidosis  Study  Group.  Chest  1 999; 
116(2):424-431. 

6.  The  British  guidelines  on  asthma  management:  1995  review  and 
position  statement.  The  British  Thoracic  Society,  The  National 
Asthma  Campaign,  The  Royal  College  of  Physicians  of  London  in 
association  with  the  General  Practitioner  in  Asthma  Group,  the  Brit- 
ish Association  of  Accident  and  Emergency  Medicine,  the  British 
Paediatric  Respiratory  Society  and  the  Royal  College  of  Paediatrics 
and  Child  Health/Thorax  1997;52  (Suppl  2):S1-S20. 

7.  Hamid  Q,  Song  Y,  Kotsimbos  TC,  Minshall  E,  Bai  TR,  Hegele  RG. 
Hogg  JC.  Inflammation  of  small  airways  in  asthma.  J  Allergy  Clin 
Immunol  1997;100(1):44-51. 

8.  Carroll  N,  Elliot  J,  Morton  A,  James  A.  The  structure  of  large  and 
small  airways  in  nonfatal  and  fatal  asthma.  Am  Rev  Respir  Dis 
1993;147(2):405-tl0. 

9.  Laitinen  LA.  Laitinen  A,  Haahtela  T.  Airway  mucosal  inflammation 
even  in  patients  with  newly  diagnosed  asthma.  Am  Rev  Respir  Dis 
1993;147:697-704. 

10.  Vignola  AM,  Chanez  P,  Campbell  AM,  Souques  F.  Lebel  B,  En- 
ander  I,  Bousquet  J.  Airway  inflammation  in  mild  intermittent  and  in 
persistent  asthma.  Am  J  Respir  Crit  Care  Med  1998;157(2):403-409. 

1 1 .  Busse  W,  Elias  J,  Sheppard  D,  Banks-Schlegel  S.  Airway  remodel- 
ing and  repair.  Am  J  Respir  Crit  Care  Med  1999:160(3):  1035-1042. 

12.  Barnes  PJ,  Pedersen  S,  Busse  WW.  Efficacy  and  safety  of  inhaled 
corticosteroids:  new  developments  (review).  Am  J  Respir  Crit  Care 
Med  1998;157(3  Pt  3):S1-S53. 

13.  Djukanovic  R,  Wilson  JW,  Britten  KM,  Wilson  SJ,  Wells  AF,  Roche 
WR.  et  al.  Effect  of  an  inhaled  corticosteroid  on  airway  inflamma- 
tion and  symptoms  in  asthma.  Am  Rev  Respir  Dis  1992;I45(3):669- 
674. 

14.  Trigg  CJ,  Manolitsas  ND,  Wang  J,  Calderon  MA,  McAulay  A,  Jor- 
dan SE,  et  al.  Placebo-controlled  immunopathologic  study  of  four 
months  of  inhaled  corticosteroids  in  asthma.  Am  J  Respir  Crit  Care 
Med  1994;  150(1):  17-22. 

15.  Overbeek  SE,  Kerstjens  HAM.  Bogaard  JM.  Mulder  PGH,  Postma 
DS.  Is  delayed  introduction  of  inhaled  corticosteroids  harmful  in 
patients  with  obstructive  airways  disease  (asthma  and  COPD)?  The 
Dutch  CNSLD  Study  Group.  Chest  1996;!  10(1):35-41. 

16.  Selroos  O,  Pietinalho  A,  Lofroos  AB,  Riska  H.  Effect  of  early  vs  late 
intervention  with  inhaled  corticosteroids  in  asthma.  Chest  1995: 
1 08(5):  1228-1 234. 

17.  Lawrence  M,  Wolfe  J,  Webb  DR,  Chervinsky  P,  Kellerman  D, 
Schaumbcrg  JP,  Shah  T.  Efficacy  of  inhaled  fluticasone  propionate 
in  asthma  results  from  topical  and  not  systemic  activity.  Am  J  Respir 
Crit  Care  Med  1997:156(3  Pt  1):744-751. 

18.  Kelly  HW.  Establishing  a  therapeutic  index  for  the  inhaled  cortico- 
steroids. J  Allergy  Clin  Immunol  1998:102(4  Pt  2):S36-S5I. 


852 


Respiratory  Care  •  July  20(X)  Vol  45  No  7 


Comparing  Inhaled  Corticosteroids 


20 


21 


19.  Smith  CL.  Kreutner  W.  In  vitro  glucocorticoid  receptor  binding  and  24. 

transcriptional  activation  by  topically  active  glucocorticoids.  Arzne- 
imittelforschung  1998;48(9):956-960. 

Stellato  C,  Atsuta  J,  Bickel  CA,  Schleimer  RP.  An  in  vitro  compar- 
ison of  commonly  used  topical  glucocorticoid  preparations.  J  Allergy  25. 
Clin  Immunol  1999:104(3  Pt  I):623-629. 

Aksoy  MO,  Li  X,  Borenstein  M.  Yi  Y,  Kelsen  SG.  Effects  of  topical 
corticosteroids  on  inflammatory  mediator-induced  eicosanoid  release 
by  human  airway  epithelial  cells.  J  Allergy  Clin  Immunol  1999; 
103(6):1081-1091.  26. 

22.  Esmailpour  N.  Hogger  P.  Rabe  KF.  Heitmann  U.  Nakashima  M, 
Rohdewald  P.  Distribution  of  inhaled  fluticasone  propionate  between 
human  lung  tissue  and  serum  in  vivo.  Eur  Respir  J  1997;  10(7):  1496- 
1499.  27. 

Hochhaus  G.  Mollmann  H,  Derendorf  H.  Gonzalez-Rothi  R.  Phar- 
macokinetic/pharmacodynamic aspects  of  aerosol  therapy  using  glu- 
cocorticoids as  a  model.  J  clin  Pharmacol  1997:37(10)88 1-892. 


23 


Leach  CL,  Davidson  PJ.  Boudreau  RJ.  Improved  airway  targeting 
with  the  CFC-free  HFA-beclomethasone  metered-dose  inhaler  com- 
pared with  CFC-beclomethasone.  Eur  Respir  J  1 998: 1 2(6):  1346- 
1353. 

Busse  WW,  Brazinsky  S,  Jacobson  K,  Strieker  W.  Schmitt  K,  Vanden 
Burgt  J,  et  al.  Efficacy  response  of  inhaled  beclomethasone  dipro- 
pionate  in  asthma  is  proportional  to  dose  and  is  improved  by  for- 
mulation with  a  new  propellant.  J  Allergy  Clin  Immunol  1999:104(6): 
1215-1222. 

Harrison  LI,  Colice  GL.  Donnell  D,  Soria  I,  Dockhorn  R.  Adrenal 
effects  and  pharmacokinetics  of  CFC-free  beclomethasone  dipropi- 
onate:  a  14-day  dose-response  study.  J  Pharm  Pharmacol  1999:51(3): 
263-269. 

Wales  D,  Makker  H,  Kane  J,  McDowell  P.  O'Driscoll  BR.  Systemic 
bioavailability  and  potency  of  high-dose  inhaled  corticosteroids:  a 
comparison  of  four  inhaler  devices  and  three  drugs  in  healthy  adult 
volunteers.  Chest  1999;!  15(5):  1278- 1284. 


Respiratory  Care  •  July  2000  Vol  45  No  7 


853 


Inhaled  Adrenergic  Bronchodilators:  Historical  Development 

and  Clinical  Application 

Joseph  L  Rau  PhD  RRT  FAARC 


Introduction 

Historical  Perspective 

Differentiation  of  Adrenergic  Receptors 

Development  of  6  Agonist  Bronchodilators 

6  Agonists  as  Stereoisomers 

Specific  Adrenergic  Bronchodilators 
Adverse  Effects  With  S  Agonists 

General  Adverse  Effects 

Tolerance  to  6  Agonists 

The  "Asthma  Paradox" 

Is  the  S-isomer  Inactive? 

6  Agonists  and  the  National  Asthma  Education  and  Prevention 
Program  Guidelines 
Summary 

[Respir  Care  2000;45(7):854-863]  Key  words:  beta  agonist,  adrenergic,  bron- 
chodilator,  asthma,  isomer,  inhaled,  aerosol. 


Introduction 

Beta  (S)  agonist  bronchodilators  represent  the  largest 
single  drug  group  among  the  various  classes  of  inhaled 
therapeutic  aerosol  drugs.  They  also  represent  one  of  the 
most  interesting  examples  of  drug  class  development,  il- 
lustrating the  gradual  unfolding  of  receptor  theory  con- 
comitant with  synthesis  of  improved  drug  molecules. 

Historical  Perspective 

Ephedrine,  a  sympathomimetic  agent  contained  in  the 
plant  Ephedra  vulgaris,  was  known  to  the  Chinese  as  early 
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as  3000  BC  and  was  used  to  make  the  drug  ma  huang  for 
the  treatment  of  asthma.'  In  the  late  1800s,  adrenal  ex- 
tracts began  to  be  investigated  and  used  for  their  vasocon- 
stricting  properties  in  the  treatment  of  rhinitis  and  con- 
junctivitis, as  well  as  asthma.23  In  1899,  epinephrine 
received  its  name  from  Abel  and  was  soon  isolated  and 
synthesized  independently  by  Stolz  and  Dakin.4  The  term 
"adrenaline"  may  have  been  first  coined  by  Wilson  in 
1901  to  refer  to  epinephrine.5  In  1903,  epinephrine  was 
used  by  both  the  oral  and  subcutaneous  routes  to  treat 
asthmatics,  with  subcutaneous  delivery  found  to  be  more 
effective  than  oral.6  Asthma  was  initially  thought  to  be 
caused  by  vasodilation,  and  the  efficacy  of  epinephrine 
was  explained  by  its  vasoconstricting  property.  It  was  for 
this  reason  that  cocaine,  a  potent  vasoconstrictor,  had  been 
used  beginning  around  1800  in  asthma  and  rhinitis.  How- 
ever, in  1907  Kahn  demonstrated  the  bronchodilator  effect 
of  epinephrine.7  Following  this,  both  the  vasoconstrictive 
and  bronchodilator  effects  of  epinephrine  were  thought  to 
be  the  basis  for  its  beneficial  effect  in  asthma.  Barger  and 
Dale  reported  the  use  of  epinephrine  as  an  aerosol  in  191().K 
Not  until  30  years  later  did  isoproterenol  appear  for  bron- 
chodilator use,  and  isoetharine,  synthesized  as  early  as 
1936,  was  first  reported  in  treating  asthma  in  1951.'' 
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Today,  epinephrine  is  still  available  for  use  as  a  bron- 
chodilator  aerosol.  Of  a  total  of  10  drugs  in  the  adrenergic 
bronchodilator  group  currently  available  as  orally  inhaled 
aerosols  in  the  United  States,  nine  are  derivatives  of  epi- 
nephrine. The  development  of  adrenergic  agents  has  pro- 
ceeded apace,  with  continuously  improving  knowledge  of 
the  receptors  stimulated  by  these  drugs.  In  particular,  the  0 
adrenergic  receptor  is  now  fully  identified  and  its  function 
clarified  in  detail. 

Differentiation  of  Adrenergic  Receptors 

Originally,  identification  of  adrenergic  receptors  was 
inferred  indirectly  from  the  different  effects  of  individual 
adrenergic  drugs.  Although  such  drugs  as  epinephrine,  iso- 
proterenol, and  phenylephrine  were  all  sympathomimetic, 
different  physiologic  effects  were  observed  among  these 
agents.  In  1948.  Raymond  Ahlquist  published  his  classic 
paper  proposing  that  there  were  two  distinct  adrenergic 
receptors,  a  and  0.10  The  a  receptor  was  associated  with 
excitatory  functions,  with  the  exception  of  the  intestine, 
where  an  inhibitory  effect  was  observed.  The  0  receptor 
was  associated  with  inhibition,  with  the  exception  of  the 
myocardium,  where  an  excitatory  effect  was  observed.  This 
concept  of  two  fundamental  types  of  receptors  mediating 
the  effects  of  the  sympathetic  nervous  system  contrasted 
with  the  previously  espoused  view  of  Cannon  and  Rosen- 
bleuth  of  two  excitatory  and  inhibitory  substances,  sym- 
pathin  E  and  sympathin  I,  as  adrenergic  mediators.10 

Subsequently,  Lands  et  al  further  subdivided  the  0  re- 
ceptor into  two  subtypes,  denoted  as  0-1  and  0-2. n  /3-1 
receptors  increase  cardiac  rate  and  force,  relax  intestinal 
smooth  muscle,  and  account  for  the  excitatory  effects  seen 
with  drugs  such  as  isoproterenol.  0-2  receptors  mediate 
the  relaxation  of  bronchial,  uterine,  and  vascular  smooth 
muscle.  The  location  of  0-2  receptors  within  the  airway, 
combined  with  localized  targeted  delivery  of  inhaled  0-2 
agonists  to  the  airway,  provides  an  optimal  method  of 
bronchodilation  in  reversible  air  flow  obstruction. 

The  human  0  receptor  has  been  cloned  and  studied;  it 
consists  of  4 1 3  amino  acids,  and  is  a  member  of  the  7-trans- 
membrane  family  of  receptors.12  0  receptors  have  now 
been  subdivided  into  three  groups:  0- 1 ,  /3-2,  and  0-3,  which 
are  identified  predominantly  in  cardiac,  airway  smooth 
muscle,  and  adipose  tissue,  respectively.13  The  0  receptor 
polypeptide  has  an  extracellular  terminus,  loops  7  times 
through  the  cell  membrane  lipid  bilayer,  and  has  an 
intracellular  terminal  carboxyl  group,  as  illustrated  in 
Figure  l.14 

Viewed  three-dimensionally,  the  membrane-spanning 
loops  of  the  0  receptor  form  a  cylindrical  or  barrel-shaped 
structure.  0  agonists  bind  inside  of  the  barrel,  about  30- 
40%  of  the  way  into  the  bilayer,  to  the  third,  fifth,  and 
possibly  sixth  transmembrane  loops.  The  0  receptor  acts 


through  a  guanine  nucleotide-binding  protein,  or  G  pro- 
tein, which  links  the  receptor  functionally  with  the  effector 
enzyme,  adenylyl  cyclase.  Adenylyl  cyclase  in  turn  pro- 
duces cyclic  adenosine  monophosphate,  which  is  the  "sec- 
ond messenger"  considered  to  be  responsible  for  the  ac- 
tivity of  0  agonists,  such  as  bronchodilation. 

Development  of  0  Agonist  Bronchodilators 

The  prototypical  drug  in  the  adrenergic  bronchodilator 
group  is  epinephrine,  a  naturally-occurring,  endogenous 
sympathetic  neurotransmitter.  Adrenergic  bronchodilators, 
and  the  later  agents,  which  were  0-2-specific  agonists, 
represent  modifications  of  the  chemical  compound,  0  phe- 
nylethylamine,  illustrated  in  Figure  2. 

The  aromatic  portion  consists  of  the  benzene  (or  phe- 
nyl) ring  together  with  the  aliphatic  ethylamine  side  chain. 
The  terminal  amine  and  the  benzene  ring  are  connected  by 
an  a  and  0  carbon,  which  should  not  be  confused  with  the 
a  and  0  receptors  of  the  sympathetic  nervous  system. 

0  Agonists  as  Stereoisomers 

Molecular  compounds  with  carbon  atoms  that  are  bonded 
to  4  different  atoms  or  groups  can  have  two  distinct  spatial 
arrangements  that  give  them  an  asymmetry,  or  chirality. 
An  example  is  given  by  the  0  carbon  on  the  ethylamine 
side  chain  of  the  adrenergic  drug  molecules.  Rotation  about 
this  chiral,  or  asymmetric  center,  produces  two  nonsuper- 
imposable  mirror  images,  termed  enantiomers,  or  simply 
isomers,  as  shown  in  Figure  3  for  0-phenylethylamine 
with  an  OH  group  on  the  0  carbon. 

Enantiomers  have  similar  physical  and  chemical  prop- 
erties (melting  points,  boiling  points,  solubility,  chemical 
reactivity).15  However,  they  do  not  have  the  same  receptor 
specificity  and  therefore  do  not  have  the  same  physiologic 
effects.  The  two  mirror  images  of  the  0  OH  phenylethyl- 
amine  analogues  rotate  light  in  opposite  directions,  leading 
to  their  designation  as  dextrorotatory  (D)  or  levorotatory 
(L).  Based  on  absolute  spatial  configuration,  these  isomers 
are  referred  to  as  R-  (levo-)  or  S-  (dextro-),  respectively. 
The  R-  (levo-)  form  of  epinephrine  is  active  on  the  0 
receptor  and  produces  bronchodilation.  0  agonists  have 
been  produced  synthetically  as  racemic  mixtures  (ie,  a 
50:50,  equimolar  mix  of  the  R-  and  S-isomers).  Natural 
epinephrine,  such  as  that  obtained  from  bovine  extract, 
occurs  as  the  R-  (levo-)  isomer  only,  whereas  the  inhaled 
aerosol  formulation  is  the  racemic  mixture.  A  newly  re- 
leased (March  1999)  drug,  levalbuterol.  is  the  single  R- 
isomer  form  of  racemic  albuterol. 

Specific  Adrenergic  Bronchodilators 

The  development  of  drugs  in  the  0  agonist  bronchodi- 
lator group  has  followed  from  modifications  to  the  original 
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Beta  Receptor 


Intracellular 


-inactivates  myosin  light  chain  kinase 
-decreased  intracellular  calcium 

i 
SMOOTH  MUSCLE  RELAXATION 

Fig.  1 .  A  simplified  two-dimensional  view  of  the  0  receptor,  which  is  a  polypeptide  traversing  the  cell  lipid  membrane  7  times,  with  an 
extracellular  and  an  intracellular  terminus,  and  which  is  linked  to  a  guanine-binding  protein  on  the  intracellular  face.  GDP  =  guanosine 
5'-diphosphate.  GTP  =  guanosine  5'-triphosphate.  ATP  =  adenosine  5'-triphosphate.  cAMP  =  cyclic  adenosine  monophosphate. 
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Fig.  3.  The  R-  and  S-isomers  of  fi  phenylethylamine,  showing  the 
hydroxyl  group  on  the  j3  carbon.  The  two  isomers  are  mirror  im- 
ages, or  enantiomers,  designated  as  levorotatory  (L)  or  R-,  and 
dextrorotatory  (D)  or  S-.  (From  Reference  3,  with  permission.) 


P-  phenylethylamine 

Fig.  2.  The  parent  compound  of  the  adrenergic  bronchodilator 
drugs,  0  phenylethylamine.  (Modified  from  Reference  3,  with  per- 
mission.) 


chemical  structure  of"  epinephrine,  with  changes  in  both 
the  catechol  nucleus  and  the  amine  side  chain,  as  seen  in 
Figure  4.  Specificity  for  the  /3-2  receptor  was  explained  by 
the  "keyhole"  theory  of /3  adrenergic  receptors,  which  stated 
that  the  larger  the  moiety  attached  to  the  nitrogen  end  of 
the  catecholamine,  the  greater  the  /3-2  specificity.916  In 


general,  longer  duration  of  action  was  obtained  by  modi- 
fying the  catechol  ring,  and  greater  /3-2  specificity  was 
seen  with  enlargement  of  the  moiety  attached  to  the  amine 
group.  More  recent  modifications  of  the  length  of  the  eth- 
ylamine  side  chain  led  to  long-acting  compounds  such  as 
salmeterol.  The  most  recent  development  has  been  isola- 
tion of  the  single  isomer  molecule  to  replace  the  racemic 
mixture,  as  illustrated  by  levalbuterol.  Table  1  lists  the 
adrenergic  bronchodilator  group  used  as  orally  inhaled 
agents,  and  includes  the  older  drugs,  isoproterenol  and 
isoetharine.  for  completeness  and  comparison. 
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tachycardia,  elevated  blood  pressure,  tremor,  headache, 
and  insomnia,  in  addition  to  the  desired  therapeutic  effect 
of  bronchodilation.  The  bronchodilatory  effect  of  epineph- 
rine is  very  rapid  in  onset,  but  also  quite  short,  approxi- 
mately one  hour  of  duration,  since  the  drug  is  metabolized 
by  COMT  and  monoamine  oxidase. 

As  previously  stated,  the  inhaled  formulation  of  epi- 
nephrine is  the  racemic  mixture  of  the  naturally-occurring 
R-isomer.  Since  only  the  R-isomer  is  active  on  the  adren- 
ergic receptors,  a  1:100  strength  formulation  of  the  natu- 
ral, single-isomer  form  is  used  for  inhalation,  whereas  the 
racemic  mixture  is  a  2.25%  strength  solution.  Since  epi- 
nephrine is  active  on  a  adrenergic  receptors  as  well  as  S 
receptors,  it  is  often  used  as  a  topical  vasoconstrictor  in 
treating  stridor  and  croup,  and  during  endoscopy  to  control 
bleeding.317 
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Fig.  4.  Structures  of  epinephrine  and  other  adrenergic  bronchodi- 
lators available  as  orally  inhaled  aerosol  formulations.  With  the 
exception  of  natural  epinephrine  and  levalbuterol,  all  formulations 
are  racemic  mixtures  and  are  shown  in  the  same  orientation  for 
clarity.  The  isomers  of  racemic  albuterol  and  levalbuterol  are  la- 
beled to  indicate  the  difference  in  these  two  drugs. 

Epinephrine  (adrenaline).  Epinephrine  is  referred  to  as 
a  catecholamine,  since  the  benzene  ring  with  its  hydroxyl 
attachments  forms  a  catechol  nucleus,  to  which  is  attached 
the  amine  side  chain.  A  catecholamine  such  as  epineph- 
rine, isoproterenol,  or  isoetharine  is  rapidly  metabolized 
by  the  enzyme,  catechol-O-methyl-transferase,  or  COMT. 
The  enzyme  methylates  the  carbon-3  hydroxyl  attachment 
on  the  catechol  nucleus,  thereby  inactivating  the  drug.  Epi- 
nephrine stimulates  both  a  and  6  adrenergic  receptors.  It 
has  the  smallest  moiety  attached  to  the  terminal  nitrogen 
of  all  the  inhaled  adrenergic  bronchodilators,  resulting  in 
no  J3-2  specificity.  Because  of  its  lack  of  receptor  speci- 
ficity, there  is  a  high  prevalence  of  adverse  effects,  such  as 


Isoproterenol  (isoprenaline).  Isoproterenol  has  an  iso- 
propyl  group  attached  to  the  terminal  nitrogen,  giving  it  a 
larger  group  at  this  site  and,  in  keeping  with  the  keyhole 
theory  of /3-2  specificity,  shifts  its  activity  from  a  to  largely 
/3  stimulation.  Since  the  catechol  nucleus  remains  the  same 
as  epinephrine,  the  drug  is  still  vulnerable  to  inactivation 
by  COMT,  giving  it  a  very  short  duration,  approximately 
1.5-2  hours.  Since  isoproterenol  is  a  potent  but  nonspe- 
cific /3  agonist,  activating  both  j3-l  and  B-2  receptors, 
tachycardia  is  a  common  adverse  effect,  even  when  ad- 
ministered via  inhalation.  Isoproterenol  lacks  the  pressor 
effects  of  epinephrine  and  can  cause  vasodilation  in  suf- 
ficient parenteral  doses.  A  combination  of  isoproterenol 
0.25%  and  cyclopentamine  0.5%  (an  a  receptor  agonist) 
was  marketed  in  the  1970s  as  Aerolone,  in  a  dose  of  0.5 
mL  for  nebulizer  treatment.  The  combined  a  and  /3  effects 
with  the  compound  were  thought  to  produce  bronchodila- 
tion with  vasoconstriction  (decongestion)  in  the  airway, 
similar  to  the  broader  effects  seen  with  epinephrine.18 

Isoetharine.  Isoetharine  has  an  ethyl  group  attached  to 
the  a  carbon  atom  of  the  amine  side  chain,  in  addition  to 
the  isopropyl  group  at  the  terminal  nitrogen  seen  with 
isoproterenol.  This  further  increase  in  side  chain  bulk  made 
isoetharine  the  first  j3-2-specific  inhaled  aerosol  broncho- 
dilator,  which  was  available  in  a  metered-dose  form  ( Bronko- 
meter)  and  a  1%  nebulizer  solution  (Bronkosol).  Although 
its  bronchodilator  activity  is  less  than  isoproterenol,  the 
minimal  cardiac  adverse  effects  made  it  a  more  attractive 
6  agonist  for  many  clinicians  in  the  1970s  in  the  United 
States.9  Since  it  is  also  a  catecholamine,  the  duration  of 
action  was  limited  to  approximately  1 .5-2  hours.  An  orig- 
inal formulation  of  isoetharine  (Bronkosol)  contained  phen- 
ylephrine, a  pure  a  agonist  as  well  as  thenyldiamine,  an 
antihistamine.  Both  phenylephrine  and  thenyldiamine  were 
subsequently  deleted  from  the  formulation. 
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Table  1.      Inhaled  Adrenergic  Bronchodilator  Agents  Currently  Available  in  the  United  States 


Drug 


epinephrine 


Brand  Name  „    ,  " 

Preference 


Adult  Dosage 


Adrenalin 


(a,  0)  SVN:  1%  solution,  0.25-0.5  mL  (2.5-5.0  mg),  qid 

MDI:  0.2  mg/puff,  2  puffs,  as  ordered  or  needed 


Time  Course 
(onset,  peak,  duration) 

3-5  min 
5-20  min 
1-3  h 


racemic  epinephrine  microNefrin 


(a,  0)  SVN:  2.25%  solution,  0.25-0.5  mL  (5.63-1 1.25  mg),  qid 


3-5  min 
5-20  min 
0.5-2  h 


isoproterenol 


Isuprel 


(0)  SVN:  0.5%  solution,  0.25-0.5  mL  (1.25-2.5  mg),  qid 

MDI:  131  fig/puff,  2  puffs,  qid 


2-5  min 
5-30  min 
0.5-2  h 


isoetharine 


Bronkosol 


(0-2)  SVN:  1%  solution,  0.25-0.5  mL  (2.5-5.0  mg),  qid 

MDI:  340  jug/puff,  1-2  puffs,  qid 


1-6  min 

15-60  min 
1-3  h 


terbutaline 


Brethine 


(0-2) 


MDI:  200  (xg/puff,  2  puffs,  q  4-6  h 


5-30  min 
30-60  min 
3-6  h 


metaproterenol 


Alupent 


(0-2)  SVN:  5%  solution,  0.3  mL  (15  mg),  tid,  qid 

MDI:  650  fig/puff,  2-3  puffs,  tid,  qid 


1-5  min 
60  min 
2-6  h 


albuterol 


Proventil  (0-2)  SVN:  0.5%  solution,  0.5  mL  (2.5  mg),  tid,  qid 

Proventil  HFA  MDI:  90  fig/puff,  2  puffs,  tid,  qid 

Ventolin  DPI:  200  (xg  capsule,  1  capsule,  q  4-6  h 


15  min 
30-60  min 
5-8  h 


bitolterol 


Tornalate 


(0-2)  SVN:  0.2%  solution,  1.25  mL  (2.5  mg),  bid-qid 

MDI:  370  (xg/puff,  2  puffs,  q  8  h 


3-4  min 
30-60  min 

5-8  h 


pirbuterol 


Maxair 


(0-2) 


MDI:  200  (xg/puff,  2  puffs,  q  4-6  h 


5  min 
30  min 
5  h 


salmeterol 


Serevent 


(0-2)  MDI:  21  /xg/puff,  2  puffs,  bid 

DPI:  50  (xg/blister,  1  inhalation  bid 


20  min 
3-5  h 
12  h 


levalbuterol 


Xopenex 


(0-2)  SVN:  0.63  mg,  q  6-8  h  or  1.25  mg,  tid 


SVN  =  smalt-volume  nebulizer.  MDI  =  metered-dose  inhaler.  DPI  =  dry  powder  inhaler. 


15  min 
30-60  min 
5-8  h 


Bitolterol.  Although  bitolterol  was  not  the  next  inhaled  j3 
agonist  to  become  available  after  isoetharine  in  the  United 
States,  it  can  be  considered  with  the  other  catecholamines 
such  as  epinephrine,  isoproterenol,  and  isoetharine.  Bitolterol 
to  date  has  been  the  only  prodrug  approved  for  use  as  an 
inhaled  bronchodilator  in  the  United  States.  The  prodrug  form, 
bitolterol,  possesses  two  toluate  ester  groups  on  the  benzene 


ring  at  the  carbon  3  and  4  positions.  Esterase  enzymes  present 
in  the  lung  hydrolyze  bitolterol  to  the  active  catecholamine 
form,  colterol.  The  hydrolysis  proceeds  gradually,  giving  bi- 
tolterol a  longer  duration  of  action,  possibly  5-8  hours,  and 
the  bulky  side  chain  confers  /3-2  specificity.  Although  inter- 
esting from  a  pharmacological  perspective,  bitolterol  was  not 
widely  accepted  for  clinical  use. 
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Metaproterenol  (orciprenaline).  Metaproterenol  intro- 
duced a  new  generation  of  0  agonists  by  modifying  the 
catechol  ring  structure  to  produce  a  resorcinol.  The  hy- 
droxyl  groups  were  shifted  from  the  carbon  3  and  4  posi- 
tions to  the  "meta"  position  of  carbons  3  and  5.  This 
prevented  degradation  by  COMT,  allowing  longer  dura- 
tion of  action,  4-6  hours.  Except  for  the  change  in  the 
catechol  attachments,  metaproterenol  is  the  same  as  iso- 
proterenol, and  has  substantial  cardiac  adverse  effects,  com- 
pared to  subsequent  0-2-specific  agonists. 

Terbutaline.  Terbutaline  became  available  for  paren- 
teral (subcutaneous)  use  in  the  1970s,  and  later  was  re- 
leased in  a  metered-dose  inhaler  (MDI)  formulation.  Ter- 
butaline possesses  a  tertiary  butyl  group  on  the  terminal 
nitrogen  of  the  side  chain,  giving  it  greater  0-2  specificity 
than  isoetharine  or  metaproterenol.  The  drug  has  the  same 
3,5  meta-dihydroxy  groups  as  metaproterenol,  making  it  a 
member  of  the  resorcinol  group  and  thereby  increasing  its 
duration  of  action  to  4-6  hours.  Because  the  MDI  formu- 
lation was  not  available  originally,  and  terbutaline  was 
considered  by  many  clinicians  to  be  superior  to  metapro- 
terenol, the  injectable  ampule  solution  of  1  mg/mL  was 
often  used  as  a  nebulizer  solution.  Dosing  was  largely 
empirical  and,  based  on  personal  knowledge,  could  range 
from  0.5  mg  to  as  much  as  9  or  10  mg  in  a  nebulizer 
treatment. 

Albuterol  (Salbutamol).  Albuterol  is  identical  chemi- 
cally to  terbutaline.  with  the  exception  of  a  methanol  at- 
tachment at  the  carbon  3  position  of  the  benzene  ring, 
making  it  a  saligenin.  The  drug  possesses  0-2  specificity 
as  well  as  an  approximately  6-hour  duration  of  action  be- 
cause of  its  protected  ring  structure  and  bulky  side  chain. 
Albuterol  is  available  in  multiple  dosing  forms,  including 
a  nebulizer  solution,  an  MDI,  a  dry  powder  inhaler,  and 
oral  tablets.  An  extended  release  oral  tablet  formulation  is 
also  available.  Because  of  its  versatile  formulations,  good 
bronchodilating  action,  and  minimal  adverse  effects,  albu- 
terol became  the  most  commonly  prescribed  bronchodila- 
tor  in  reactive  airways  disease  in  the  United  States  during 
the  1980s  and  1990s. 

Pirbuterol.  Pirbuterol  is  structurally  identical  to  albu- 
terol, with  one  exception:  a  nitrogen  atom  is  inserted  in 
place  of  the  second  carbon  atom  on  the  benzene  ring, 
forming  a  pyridine  nucleus.  Pirbuterol  is  also  0-2  specific 
and  has  an  approximately  5-hour  duration  of  bronchodi- 
lating action.  This  drug  has  been  available  in  the  United 
States  in  either  a  pressurized  MDI  or  a  breath-actuated 
MDI  (Autohaler)  to  minimize  hand-breath  coordination 
problems.19 


Salmeterol.  Although  a  sustained-release  formulation  of 
albuterol  intended  to  provide  extended  bronchodilation  for 
up  to  12  hours  had  been  previously  released,  salmeterol, 
approved  in  1994,  represents  the  first  true  long-acting  0 
agonist  bronchodilator  in  the  inhaled  aerosol  group.  Sal- 
meterol xinafoate  is  the  l-hydroxy-2-naphthoic  salt  of  sal- 
meterol base,  with  36.25  pig  of  the  salt  equivalent  to  25  jag 
of  the  base.  The  drug  is  a  modification  of  albuterol,  with 
a  long  lipophilic  N-substituted  side  chain.  The  long  side 
chain  increases  the  lipophilicity  of  salmeterol  and  binds  to 
an  area  of  the  0  receptor  within  the  lipid  membrane  re- 
ferred to  as  an  exosite.  With  the  lipophilic  tail  anchored, 
the  active  phenyl  ethanolamine  "head"  alternately  engages 
and  disengages  from  the  active  receptor  site,  thus  provid- 
ing ongoing  stimulation  of  the  receptor  and  giving  a  12- 
hour  duration  of  action.  The  drug  is  ultimately  metabo- 
lized by  hydroxylation,  with  elimination  in  the  feces.20-21 

Levalbuterol.  In  March  of  1999  the  single  R-isomer 
form  of  racemic  albuterol,  levalbuterol,  was  approved  for 
general  clinical  use  in  the  United  States  as  Xopenex,  in  a 
0.63  mg  and  1.25  mg  unit  dose  for  nebulization.  With  the 
exception  of  natural  epinephrine,  which  is  the  R-  (L)  iso- 
mer, levalbuterol  is  the  only  single-isomer  0  agonist  avail- 
able at  this  time.  The  0.63  mg  dose  is  comparable  to  the 
2.5  mg  racemic  albuterol  dose  in  onset  and  duration,  and 
the  1.25  mg  dose  has  shown  a  higher  peak  effect  on  flow, 
with  an  8-hour  duration  in  a  study  by  Nelson  et  al.22 

Adverse  Effects  With  0  Agonists 

General  Adverse  Effects 

The  development  of  the  0  agonist  drug  class  has  been 
toward  increasing  receptor  selectivity  with  minimal  ad- 
verse effects.  Table  2  lists  adverse  effects  that  can  be  seen 
with  0  agonists  and  that  are  dose-dependent.  With  newer 
0-2-selective  agents,  the  most  common  adverse  effect  in 
standard  doses  is  tremor,  with  shakiness,  irritability,  in- 
somnia, and  headache  also  reported.  These  effects  are  typ- 
ical adrenaline-mediated  responses  seen  with  sympathetic 
nervous  system  activation.  Older  catecholamine  agents  that 
lacked  0-2  specificity  increased  cardiac  output  and  oxygen 
consumption.  The  0-2-selective  agents  can  also  stimulate 
tachycardia  in  sufficient  doses,  but  agents  such  as  terbutal- 
ine or  albuterol  can  improve  cardiac  performance  with 
reduced  afterload  through  peripheral  vasodilation.23  Clin- 
ically important  hyperglycemia  and  hypokalemia  are  not 
commonly  seen  in  standard  doses,  but  can  become  impor- 
tant in  a  dose-dependent  fashion  with  high  doses  or  con- 
tinual nebulization.24  25  A  drop  in  arterial  partial  pressure 
of  oxygen  is  possible,  with  mismatched  ventilation/perfu- 
sion  during  reversal  of  bronchoconstriction.  but  has  not 
been  found  to  be  clinically  important,  and  is  transient.  This 
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Table  2.      Possible  Adverse  Effects  of  Beta  Agonists 

Tremor 

Palpitations,  tachycardia 

Increased  blood  pressure 

Headache 

Insomnia 

Nervousness 

Dizziness 

Nausea 

Tolerance 

Decrease  in  Pa0, 

Hypokalemia 

Hyperglycemia 

FREON-induced  bronchospasm  (MDIs  only) 


PaOi  =  arterial  partial  pressure  of  oxygen. 
MDI  =  metered-dose  inhaler. 


was  noted  with  isoproterenol  in  asthma  patients,  but  the 
decrease  in  arterial  partial  pressure  of  oxygen  was  <  15 
mm  Hg,  and  reversed  within  15-20  minutes.25 

Tolerance  to  /3  Agonists 

Of  more  concern  is  the  tachyphylaxis  and  tolerance  that 
may  occur  with  exposure  to  /3  agonists.  The  development 
of  tolerance  to  /3  agonist  bronchodilators  is  a  complex 
phenomenon.  The  terms  tachyphylaxis  and  tolerance  ac- 
tually describe  a  multiple-stage  process  of  changes  in  the 
8  receptor  with  agonist  exposure. 

Initial  exposure  to  a  /3  agonist  produces  a  rapid  desen- 
sitization  of  the  8-2  receptor  through  a  process  of  uncou- 
pling of  the  receptor  from  the  enzyme  effector  system.1314 
This  is  a  transient  process  and  is  quickly  reversed  with 
removal  of  the  agonist,  to  allow  further  receptor  stimula- 
tion. With  more  prolonged  exposure  to  a  8  agonist,  there 
is  some  loss  of  cell  surface  receptors  through  a  process 
described  as  internalization  or  sequestration.13  This  inter- 
nalization may  be  part  of  the  sequence  of  resensitization  of 
the  receptor  through  dephosphorylation.  Internalization 
may  require  hours  for  reversal.  With  hours  of  agonist  ex- 
posure there  is  a  net  loss  of  cellular  receptors,  termed 
down-regulation.  This  is  denoted  as  long-term  desensiti- 
zation.14  These  desensitization  processes  regulate  a  certain 
refractory  state  of  the  8  receptor  itself.  In  addition,  8 
agonists  can  negatively  modulate  /3-2  receptor  gene  ex- 
pression, leading  to  longer-term  down-regulation  and  loss 
of  8  receptors.  Hayes  et  al  reported  a  22%  decrease  in  8 
receptor  density  in  the  lung,  measured  via  positron  emis- 
sion tomography  scanning,  with  albuterol  4  mg  orally  bid 
and  2(X)  /xg  inhaled  qid  over  two  weeks,  with  a  reduction 
in  bronchodilator  response.26 

These  processes  result  clinically  in  (1)  some  decline  in 
bronchodilator  response  following  continual  maintenance 


treatment  with  a  8  agonist,  (2)  decline  in  adverse  effects 
such  as  tachycardia  and  muscle  tremor,  and  (3)  loss  of 
bronchoprotection  against  airway  challenge. 

Corticosteroids  can  increase  8-2  receptor  gene  transcrip- 
tion, leading  to  up-regulation  of  the  receptors.14  This  effect 
further  supports  the  use  of  corticosteroids  in  asthma,  both 
for  preserving  6  receptor  density  and  for  their  anti-inflam- 
matory effects. 

The  "Asthma  Paradox" 

Despite  improvements  in  receptor-specific  8  agonist 
bronchodilators,  there  have  been  troubling  associations  be- 
tween increased  deaths  from  asthma  and  the  use  of  these 
agents,  a  situation  that  has  been  termed  the  "asthma  par- 
adox."27 

Asthma  Mortality.  In  the  1960s,  there  was  a  reported 
increase  in  deaths  among  asthma  patients  in  Great  Britain, 
where  a  high-dose  formulation  of  isoproterenol  (known  as 
isoprenaline-forte)  with  400  ;u,g  per  puff  was  used.28-29  The 
asthma  death  rate  returned  to  previous  levels  following 
removal  of  the  product  from  the  market.30  Data  from  New 
Zealand  in  the  1980s  showed  another  increase  in  asthma 
mortality  and  suggested  an  association  with  inhaled  fenot- 
erol  (200  /j,g/puff),  a  potent  0  agonist.31  Interpretation  of 
the  New  Zealand  data  has  been  questioned  by  others,  who 
found  no  correlation  between  asthma  mortality  in  that  coun- 
try and  use  of  the  inhaled  8  agonists,  fenoterol,  and  albu- 
terol.32 It  has  been  noted  that  asthma  mortality  subsequently 
declined  in  New  Zealand,  despite  increasing  sales  of  all  8 
agonists,  including  fenoterol.33  In  1992,  Spitzer  et  al  pub- 
lished results  from  a  Canadian  case-control  study  that  found 
an  association  between  asthma  mortality  and  the  use  of  8 
agonist  bronchodilators.34  The  use  of  two  or  more  canis- 
ters per  month  of  fenoterol  or  albuterol  was  associated 
with  an  increased  risk  of  death.  Obviously,  the  question 
becomes:  is  increased  use  of  a  /3  agonist  a  marker  of 
asthma  severity,  or  causal  in  nature?  A  correlational  study 
can  only  indicate  an  association,  not  causality. 

Asthma  Morbidity.  It  has  been  suggested  that  not  only 
mortality  but  asthma  morbidity  may  be  negatively  affected 
by  8  agonist  use.  A  study  by  Sears  et  al  published  in  1990 
concluded  that  intermittent  use  of  a  8  agonist  (fenoterol) 
gave  better  asthma  control  than  regular  treatment,  based 
on  results  with  64  mildly-to-moderately  asthmatic  sub- 
jects.35 Control  was  evaluated  using  morning  and  evening 
peak  flows,  symptom  diaries,  use  of  rescue  8  agonist,  and 
need  for  oral  prednisone.  In  17  subjects  asthma  was  better 
controlled  with  regular  inhaled  bronchodilator,  whereas  in 
40  subjects  control  was  superior  with  as-needed  broncho- 
dilator use.  Seven  subjects  showed  no  difference  between 
the  two  treatment  regimens.  Mean  values  and  magnitude 
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of  change  in  the  measures  used  were  not  reported  origi- 
nally, only  the  percentage  of  patients  showing  a  change, 
and  this  has  been  pointed  out  as  a  limitation  of  the  report.30 
A  subsequent  report  provided  lung  function  data  from  the 
study  of  Sears  et  al,  showing  an  approximately  5%  differ- 
ence in  forced  expiratory  volume  in  the  first  second  be- 
tween regular  use  and  rescue  use  of  inhaled  fenoterol.36 

Loss  of  Bronchoprotection.  There  have  also  been  data 
to  indicate  that  there  is  a  heightened  sensitivity  to  bron- 
choconstricting  stimuli  with  j3  agonist  use,  although  bron- 
chodilator  effects  remain.  The  loss  of  bronchoprotection 
has  raised  concerns  that  /3  agonists  may  actually  "sensi- 
tize" asthmatics  to  inflammatory  stimuli.  O'Connor  et  al 
examined  the  protective  effect  of  a  single  500  /n,g  inhala- 
tion of  terbutaline  with  adenosine  monophosphate  and 
methacholine  challenge,  before  and  after  7  days  of  treat- 
ment with  500  ^ig  of  terbutaline  qid.  There  was  a  signif- 
icant decline  in  the  PC20  (provocational  concentration  [ie, 
dose]  producing  a  20%  decrease  in  forced  expiratory  vol- 
ume in  the  first  second)  for  both  adenosine  monophos- 
phate and  methacholine  after  7  days  of  treatment.37  Cock- 
croft  et  al  found  a  greater  loss  of  protection  against  allergen 
than  against  methacholine  in  mildly  asthmatic  subjects 
treated  for  14  days  with  albuterol  200  jug  qid.38  The  im- 
plication of  these  effects  is  that,  with  regular  6  agonist 
treatment,  asthmatics  may  show  a  bronchodilator  response 
that  masks  increased  sensitivity  to  airway  allergens. 

Is  the  S-isomer  Inactive? 

It  has  been  accepted  in  the  past  that  only  one  of  the 
stereoisomers  of  epinephrine  analogues  is  physiologically 
active.  Recent  in  vitro  and  clinical  data39-43  suggest  that 
the  S-isomer  form  of  albuterol  may  have  effects  that  can 
antagonize  the  desired  bronchodilating  action  of  the  R- 
isomer.  Table  3  summarizes  the  physiologic  effects  of  the 
S-isomer  of  albuterol.  Templeton  et  al  found  that  (S)- 
salbutamol  ([S]-albuterol)  enhanced  the  contractile  re- 
sponse of  isolated  human  bronchial  tissue  to  stimuli  by 
histamine  and  leukotriene  C4.39 

Mitra  et  al  showed  that  S-albuterol  increases  intracellu- 
lar free  calcium  in  bovine  tracheal  smooth  muscle  cells.40 
In  contrast.  R-albuterol  decreased  calcium  concentrations 
in  the  same  study.  More  interesting  was  the  finding  that 
the  increase  in  calcium  from  S-albuterol  was  blocked  by 
atropine,  implying  that  the  S-isomer  attaches  to  muscarinic 
receptors  and  not  /3  receptors.  Work  by  Volcheck  et  al 
found  that  the  S-isomer  of  albuterol  significantly  enhanced 
superoxide  production  by  eosinophils  in  response  to  inter- 
leukin  5  stimulus  in  vitro,  whereas  racemic  mixtures  con- 
taining both  the  R-  and  S-isomers  inhibited  such  produc- 
tion.41 Superoxide  production  is  a  marker  of  inflammatory 
activity,  and  this  finding  implies  that  the  S-isomer  of  al- 


Table  3.      Summary  of  the  Physiological  Effects  of  (S)-AIbuterol 


Effect 


Reference 


Increases  intracellular  calcium 

concentration 
Binds  to  muscarinic  receptors 
Enhances  experimental  airway 

responsiveness 
Increases  contractile  response  of 

bronchial  tissue  to  histamine  or 

leukotriene  C4  (LTC4) 
Enhances  eosinophil  superoxide 

production  with  interleukin-5 

stimulation 
Slower  metabolism  than  R-albuterol.  with 

accumulating  plasma  levels* 


Mitra.  199340 

Mitra,  199340 
Johansson,  199641 

Templeton.  1998*> 


Volcheck,  199841 


Boulton,  199742 


•Finding  may  vary  with  metered-dose  inhaler  or  metered-dose  inhaler  with  holding  chamber 
aerosol  administration.44 


buterol  has  a  pro-inflammatory  effect.  A  difference  in  the 
rate  of  metabolism  of  the  two  isomeric  forms  of  albuterol 
has  also  been  found.  Boulton  et  al  found  higher  plasma 
levels  of  the  S-isomer  than  the  R-isomer  with  oral  dosing 
of  racemic  albuterol  in  12  healthy  males.42  The  accumu- 
lation of  the  S-isomer  could  further  contribute  to  possible 
pro-inflammatory  effects  with  the  administration  of  a  ra- 
cemic mixture  of  albuterol.  Dhand  et  al  recently  reported 
lower  plasma  levels  of  (S)-albuterol  than  (R)-albuterol 
when  racemic  albuterol  was  administered  via  MDI  or  MDI 
with  holding  chamber.44  They  attributed  this  interesting 
finding  to  a  preferential  retention  of  the  S-isomer  in  the 
lung  when  inhaled.  This  result  contrasts  with  plasma  levels 
of  (R)-  and  (S)-albuterol  when  given  via  nebulization  or 
dry  powder  inhaler.45-46 

P  Agonists  and  the  National  Asthma  Education  and 
Prevention  Program  Guidelines 

Discussion  of  a  possible  relationship  between  6  ago- 
nists and  asthma  should  occur  in  the  context  of  the  re- 
cently revised  National  Asthma  Education  and  Prevention 
Program  guidelines  for  asthma  treatment  and  prevention. 
Both  the  1991  and  the  1997  document  clearly  differentiate 
8  agonists  (with  the  exception  of  salmeterol)  as  "relievers" 
and  not  "controllers."47  This  distinction  aligns  with  the 
increased  emphasis  on  asthma  as  a  disease  of  chronic  air- 
way inflammation.  Treatment  of  bronchospasm  with  a  6 
agonist  addresses  symptoms  and  effects  of  the  inflamma- 
tion, but  not  the  underlying  inflammation  process  itself. 
Such  a  view  of  asthma  would  predict  that  rescue  treatment 
will  ultimately  be  unsatisfactory  as  primary  or  sole  ther- 
apy. This  shift  in  understanding  of  the  pathophysiology  of 
asthma  changes  our  understanding  of  the  use  of  6  agonists 
in  managing  asthma.  Anti-inflammatory  agents  become 
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the  drug  of  choice  to  manage  persistent  asthma.  This  may 
reduce  the  association  seen  between  /3  agonists  and  asthma 
mortality. 

The  exact  effect  of  j3  agonists  in  asthma  remains  a  sub- 
ject of  debate.  Several  hypotheses  can  be  advanced  to 
explain  the  apparent  worsening  of  asthma  with  use  of  j3 
agonists: 

•  /3  agonists  cause  increased  sensitivity  to  allergenic  and 
irritant  stimuli  in  asthmatics,  possibly  through  down-reg- 
ulation of  /3  receptors  in  the  airway. 

•  /3  agonists  may  be  used  by  practitioners  to  manage 
asthma  with  inadequate  or  no  anti-inflammatory  therapy. 

•  Self-reliance  on  rescue  j3  agonist  therapy  when  con- 
fronted with  worsening  airway  obstruction  is  substituted 
for  professional  medical  treatment,  with  potentially  lethal 
delays  in  seeking  treatment. 

•  Accumulation  of  the  S-isomer  of  racemic  /3  agonist 
mixtures  exerts  deleterious  or  pro-inflammatory  effects  in 
the  airway. 

•  There  is  increased  airway  irritation  (as  well  as  increas- 
ing asthma  prevalence)  with  increased  environmental  pol- 
lutants and  with  lifestyle  changes  that  cause  increased  al- 
lergen exposure. 

Ultimately,  the  changes  seen  in  the  prevalence  of  asthma 
may  reflect  multiple  factors  and  the  interaction  of  these 
factors  rather  than  a  single  cause. 

Summary 

The  adrenergic  bronchodilators  that  have  been  devel- 
oped for  oral  inhalation  represent  successive  refinement  in 
terms  of  receptor  specificity  and  duration  of  action.  0 
agonist  bronchodilators  have  durations  of  4-6  hours,  or, 
in  the  case  of  salmeterol,  of  up  to  12  hours,  offering  con- 
venient dosing.  Inhalation  of  the  aerosol  formulations  tar- 
gets the  lung  directly.  The  release  of  levalbuterol  now 
provides  an  agent  with  a  single  isomer  active  on  /3-2  re- 
ceptors. The  currently  available  agents  offer  clinicians  and 
patients  with  reversible  obstructive  lung  disease  a  choice 
of  sophisticated  drugs  for  airway  smooth  muscle  relax- 
ation. Although  improvements  in  the  drugs  have  reduced 
adverse  effects  and  )3  agonists  are  considered  safe,  con- 
cerns persist  about  the  effect  of  j3  agonists  in  asthma.  An 
improved  understanding  of  asthma  pathophysiology  may 
lead  to  more  appropriate  use  of  j3  agonists  in  asthma. 
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Introduction 

The  term  "anticholinergic"  refers  to  a  pharmacologic 
action  that  opposes  cholinergic  receptor  stimulation.  In  the 
lung,  the  cholinergic  receptors  that  cause  airways  obstruc- 
tion are  of  the  muscarinic  type.  Atropine  is  the  most  com- 
monly used  antimuscarinic  drug,  and  ipratropium  is  the 
most  commonly  used  inhaled  antimuscarinic  drug.  These 
two  drugs  represent  two  types  of  muscarinic  antagonists, 
those  that  have  a  tertiary  amine  and  those  that  have  a 
quaternary  amine  as  part  of  their  formulas  (Table  1 ).  The 
tertiary  drugs  include  atropine  sulfate  and  atropine  phos- 
phate. These  drugs  penetrate  easily  into  body  tissue  and 
cause  more  cardiac  and  central  nervous  system  adverse 
effects  than  the  quaternary  drugs.  The  quaternary  drugs  are 
safer  because  they  do  not  easily  cross  into  the  brain  (or 
across  the  placenta).  Atropine  methonitrate,  flutropium  bro- 
mide, glycopyrrolate,  and  ipratropium  bromide  are  quater- 
nary medications,  and  are  administered  via  inhalation  to 
treat  lung  disease,  although  tertiary  drugs  may  also  be 
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used.  In  general,  quaternary  drugs  require  half  the  dose  of 
a  similar  tertiary  drug  to  produce  the  same  amount  of 
bronchodilation.  Hence,  500  jag  of  ipratropium  or  glyco- 
pyrrolate produces  the  same  bronchodilation  as  1  mg  of 
atropine. 

Muscarinic  Receptors 

There  are  5  types  of  muscarinic  receptors,  designated 
Ml  to  M5.1-2  Ml,  M2,  and  M3  receptors  are  stimulated  by 
acetylcholine  and  are  found  at  various  sites  within  the  lung 
(Table  2).  The  Ml  receptors  in  the  parasympathetic  gan- 
glia facilitate  transmission  of  the  nerve  impulse.  At  the  site 
of  innervation,  the  M3  receptor  causes  the  parasympa- 
thetic effect,  and  the  M2  receptor  works  as  a  feedback 
inhibitor  to  prevent  more  acetylcholine  release  at  this  site. 
The  parasympathetic  ganglia  containing  the  M 1  receptors 
are  located  on  the  airways.  Activation  of  the  M 1  receptor 
facilitates  transmission  of  the  neural  impulse  to  the  nerve 
that  goes  to  the  mucous  gland,  airway  smooth  muscle,  or 
perhaps  other  sites  within  the  lung.  The  M 1  receptors  within 
the  ganglia  are  inhibited  by  0  sympathomimetic  receptors. 
Blockade  of  these  j3  receptors  by  /3  blocker  drugs  can 
cause  unopposed  muscarinic  activity  to  the  airways,  re- 
sulting in  bronchospasm.  This  is  why  an  antimuscarinic 
agent  such  as  atropine  or  ipratropium  is  the  most  effective 
therapy  for  bronchospasm  resulting  from  use  of  a  j3  block- 
ing drug.  There  are  Ml  receptors  within  other  lung  sites. 
Some  studies  indicate  that  antagonism  of  these  receptors 
may  result  in  bronchodilation.  The  M3  receptor  is  under- 
stood to  be  the  main  receptor  blocked  by  antimuscarinic 
therapy,  resulting  in  bronchodilation.  The  M3  receptor  is 
at  the  site  of  muscle  and  mucous  gland  innervation.  This 
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Table  1.      Tertiary  and  Quaternary  Muscarinic  Antagonists  Used  As 
Inhaled  Therapy  for  Lung  Disease 


Tertiary 
Quaternary 


Atropine  sulfate 
Atropine  phosphate 
Atropine  methonitrate 
Flutropium  bromide 
Glycopyrrolate 
Ipratropium  bromide 
Oxytropium  bromide 


Table  2.      Muscarinic  Receptors  in  the  Lung* 


Receptor 


Site 


Action 


Ml  Parasympathetic  ganglia  Facilitates  synaptic 

transmission 

Mucous  glands  Increases  fluid 

Alveolar  region  ? 

M2  Bronchial  smooth  muscle  Inhibits  acetylcholine  release 

Peripheral  lung  ? 

M3  Bronchial  smooth  muscle  Constricts 

Mucous  glands  Increases  fluid 


*There  is  conflicting  evidence  in  the  literature  in  animal  and  human  studies  concerning  other 
sites  and  the  action  of  the  receptors  within  the  lung.  This  table  represents  information  from 
several  sources. M 


receptor  is  found  in  abundance  in  large  airway  smooth 
muscle  and  in  mucous  glands.2  It  is  also  found  in  smaller 
airways  and  throughout  the  lungs  in  small  quantities.  M3 
receptors  are  also  found  in  cells  that  play  a  role  in  inflam- 
mation. Blocking  M3  activity  promotes  airway  dilation. 
Activation  of  the  M3  receptor  by  acetylcholine  causes  bron- 
choconstriction  and  increased  mucus.  Vagal  (parasympa- 
thetic) nerve  stimulation  also  causes  activation  of  these 
M3  receptors.  This  is  associated  with  an  increase  in  mucus 
and  a  change  in  respiratory  tract  fluid  to  a  thinner  consis- 
tency. Vagal  nerve  excitation  of  bronchial  smooth  muscle 
normally  occurs  during  expiration.  This  causes  airway  tone 
to  increase  through  activation  of  the  M3  receptor.  This 
airway  tone  helps  prevent  collapse  of  airways  that  are  not 
supported  by  cartilage,  and  improves  the  tone  of  cartilag- 
inous airways.  Although  bronchial  constriction  can  cause 
airway  obstruction,  a  small  amount  of  tone  of  the  muscle 
in  the  airways  helps  maintain  patent  airways.  This  is  con- 
sidered to  be  the  purpose  of  vagal  (muscarinic)  innervation 
of  the  airway  muscles.  Vagal  muscarinic  activity  helps 
produce  muscle  tone  so  that  the  airways  do  not  collapse 
during  expiration.  Excessive  vagal  parasympathetic  tone 
may  cause  at  least  part  of  the  airway  obstruction  seen  in 
disease.  An  M2  receptor  is  also  found  at  the  terminal  part 
of  the  nerve.  Activation  of  the  M2  receptor  decreases  the 


release  of  acetylcholine  from  the  nerve;  it  is  the  feedback 
inhibitor  of  the  transmission  of  the  acetylcholine  from  the 
nerve  to  the  mucous  gland  or  muscle  M3  receptors. 

Antimuscarinic  Drug  Effects  in  the  Lung 

The  ideal  antimuscarinic  drug  to  treat  airways  disease 
would  block  the  Ml  and  airway  smooth  muscle  M3  re- 
ceptor but  would  not  block  the  M2  receptor.  Selective 
blockade  of  the  M2  receptor  would  lead  to  airway  obstruc- 
tion by  unregulated  stimulation  of  the  M3  receptors.  How- 
ever, the  currently  available  drugs  are  not  selective.  They 
block  the  M3  receptor,  resulting  in  bronchodilation,  but 
also  causing  drying  of  the  mucus.  They  also  block  the 
feedback  inhibitor  M2  receptor.  There  is  no  evidence  that 
blocking  the  M2  receptor  with  current  drugs  causes  any 
harm,  because  they  also  block  the  Ml  and  M3  receptor. 
The  site  of  the  bronchodilation  is  also  an  issue.  The  bulk 
of  the  M3  smooth  muscle  receptors  are  in  the  tracheal  and 
large  airway  smooth  muscle  where  vagal  cholinergic  in- 
nervation occurs.2  Most  of  the  bronchodilation  associated 
with  muscarinic  antagonist  therapy  is  in  the  larger  air- 
ways.3 However,  relaxation  of  more  peripheral  airways 
also  occurs,  but  not  to  the  extent  seen  with  |3  agonist 
therapy. 5  Also,  there  are  larger  numbers  of  muscarinic 
receptors  in  peripheral  lung  tissue.4  The  role  of  these  re- 
ceptors is  not  known,  especially  since  there  is  no  para- 
sympathetic innervation  to  these  areas. 

The  mechanism  by  which  antimuscarinic  therapy  helps 
relieve  dyspnea  in  people  with  lung  disease  is  not  com- 
pletely understood.  As  noted  above,  these  drugs  dilate  the 
larger  airways  and  to  a  smaller  extent  relax  the  more  distal 
airway  smooth  muscle.  One  of  the  more  interesting  phe- 
nomena seen  with  muscarinic  antagonist  therapy  is  the 
occasional  person  who  has  a  remarkable  increase  in  vital 
capacity.  One  explanation  for  this  would  be  a  substantial 
bronchodilation  of  the  peripheral  airways,  but  information 
to  prove  this  is  not  available  in  the  literature.  There  may  be 
an  unexplained  mechanism  by  which  these  drugs  relieve 
dyspnea,  perhaps  by  blockade  of  muscarinic  receptors  at 
other  sites  within  the  lung. 

Long-term  use  of  inhaled  antimuscarinic  drugs  is  well 
tolerated.6  Inhaled  /3  agonist  therapy  is  also  well  tolerated, 
but  is  associated  with  decreased  efficacy  with  long-term 
use.  This  development  of  tolerance  (often  referred  to  as 
tachyphylaxis)  is  not  seen  with  muscarinic  antagonists.6 
The  antimuscarinic  drugs  maintain  their  efficacy  over  the 
long  term. 

Use  of  Antimuscarinic  Therapy 
in  Obstructive  Airway  Disease 

Antimuscarinic  therapy  with  ipratropium  has  become 
first  line  therapy  to  treat  chronic  obstructive  pulmonary 
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disease  (COPD).7  For  the  patient  with  mild  symptomatic 
or  moderate  disease,  inhaled  antimuscarinic  therapy  may 
be  all  that  is  required.  Muscarinic  antagonists  are  not  as 
effective  as  j8  agonists  for  the  treatment  of  asthma.  When 
added  to  maximal  doses  of  0  agonists,  ipratropium  may 
not  cause  further  bronchodilation  in  these  persons.8  How- 
ever, in  some  individuals,  the  addition  of  ipratropium  to 
smaller  doses  of  0  agonists  can  provide  bronchodilation 
without  substantial  adverse  effects.  The  National  Asthma 
Education  and  Prevention  Program  Guidelines9  list  ipra- 
tropium as  an  alternative  for  patients  who  are  intolerant  of 
0  agonists  or  who  need  additional  bronchodilation.  Few 
studies  have  been  done  in  asthmatic  patients,  but  some 
published  reports  show  that  large  doses  of  inhaled  atropine 
or  ipratropium  can  improve  patients  with  severe  exacer- 
bations.10 Inhaled  0  agonists  are  thought  to  be  better  tol- 
erated and  more  standard  drug  therapy  for  these  individ- 
uals. Antimuscarinic  therapy  has  also  been  reported  to 
help  cystic  fibrosis  patients.11 

Current  Antimuscarinic  Therapy 

Ipratropium  bromide  is  used  throughout  the  world  to 
treat  patients  with  airways  obstruction.  In  laboratory  stud- 
ies, ipratropium  causes  less  salivary  drying  than  other  qua- 
ternary drugs,  so  it  is  the  drug  most  used  as  an  inhaled 
bronchodilator.  It  has  a  fast  onset  of  action,  but  it  doesn't 
peak  as  quickly  as  most  0  agonists.  Its  peak  effect  is  at  1-2 
hours  in  most  individuals.  It  is  effective  in  COPD  pa- 
tients.6 A  usual  dosing  interval  for  ipratropium  is  6  hours. 
Some  individuals  have  a  better  improvement  in  vital  ca- 
pacity than  in  forced  expiratory  volume  in  the  first  second. 
The  usual  recommended  dose  is  40-80  /xg  (2-4  puffs) 
from  a  metered-dose  inhaler  (MDI).  Certain  patients  may 
require  up  to  8  puffs  per  treatment.  Ipratropium  is  also 
available  as  a  solution  for  small-volume  nebulizer  therapy. 
The  dose  given  by  this  method  is  500  ;u,g.  One  interesting 
study  on  this  product  compared  the  efficacy  of  two  nebu- 
lizers in  administering  the  medication.12  The  authors  found 
that  an  inefficient  nebulizer  was  just  as  effective  as  a  neb- 
ulizer that  produced  uniformly  smaller  aerosol  particles. 
Since  the  drug  works  mainly  on  the  larger  airways,  it  is 
postulated  that  the  characteristics  of  the  aerosol  were  not 
as  important  as  with  a  0  agonist  aerosol,  for  which  the 
more  efficient  nebulizer  was  shown  to  produce  better  bron- 
chodilation. Glycopyrrolate  solution  is  also  used  for  neb- 
ulizer therapy,  although  this  is  not  an  approved  use.11  The 
dose  is  the  same  as  for  ipratropium  aerosol.  Similarly, 
atropine  sulfate  has  also  been  used,  but  the  dose  is  twice 
that  of  ipratropium.14  The  safety  of  atropine  and  glycopy- 
rrolate is  not  proven  for  long-term  therapy,  although  there 
are  published  reports  on  their  use.1114 


Combination  Therapy 

The  routine  combination  therapy  of  ipratropium  and  al- 
buterol is  occasionally  given  to  patients  with  moderate  to 
severe  COPD.15  This  combination  therapy  works  better 
than  either  drug  given  alone,  without  the  additional  ad- 
verse effects  that  might  be  seen  with  maximal  doses  of 
either  drug.  Another  advantage  of  combination  therapy  is 
that  it  simplifies  therapy  for  persons  who  take  multiple 
inhalers.  Combination  therapy  is  not  commercially  avail- 
able as  an  aerosol  solution,  but  the  two  medications  can  be 
premixed  for  patient  convenience.  An  interesting  result  of 
the  studies  on  combination  therapy  is  that  tolerance  to  the 
0  agonist  drug  does  not  seem  to  develop  in  COPD  pa- 
tients, and  the  clinical  efficacy  appears  to  be  better  than  if 
patients  use  separate  MDIs.15  The  combination  MDI  can 
also  be  used  as  rescue  therapy  for  dyspnea  occurring  at 
times  between  the  regularly  scheduled  doses.16 

New  Antimuscarinic  Drugs 

There  are  newly  synthesized  antimuscarinic  drugs  that 
are  more  selective  for  the  M3  and  M 1  sites,  or  have  a  rapid 
dissociation  from  the  M2  site.  These  drugs  would  selec- 
tively cause  bronchodilation,  but  might  also  cause  more 
mucosal  drying.  In  addition,  the  newer  agents  have  a  longer 
action,  up  to  several  days.  Most  of  these  drugs  are  being 
developed  either  as  inhaled  or  oral  therapy,  depending  on 
the  drug's  chemical  properties.  One  new  drug  that  is  close 
to  submission  for  approval  is  tiotropium,  which  is  in  the 
form  of  an  inhaled  powder. 17  It  is  taken  once  a  day  and  has 
its  peak  effect  after  3-6  days  of  therapy.  Tiotropium  has 
such  a  long  half-time  elimination  that  drug  effect  is  present 
24  hours  after  a  dose.  If  the  patient  takes  another  dose  at 
that  time,  there  is  an  additional,  but  smaller,  bronchodila- 
tor effect.  Pulmonary  function  improvement  peaks  at  2-3 
hours  after  a  dose  of  tiotropium.  Its  bronchodilator  effect 
wanes  more  slowly  than  ipratropium.  At  24  hours  follow- 
ing a  dose  of  medication,  forced  expiratory  volume  in  the 
first  second  values  are  on  average  about  1 0%  above  base- 
line values.  After  4-5  days  of  therapy,  the  patient  reaches 
a  plateau  of  bronchodilation  that  is  maintained  by  the  daily 
inhalations. 

Summary 

Anticholinergic  therapy  is  directed  toward  muscarinic 
receptors  within  the  lung.  Inhaled  quaternary  muscarinic 
antagonists  are  used  because  they  cause  less  systemic  ad- 
verse effects  than  other  types  of  antimuscarinic  drugs.  Of 
the  5  possible  muscarinic  receptors,  the  lung  contains  three: 
M 1 ,  M2,  and  M3.  Antagonism  of  the  M 1  and  M3  receptors 
results  in  bronchodilation,  primarily  in  the  larger  airways. 
The  efficacy  of  the  antimuscarinic  bronchodilators  cannot 
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be  entirely  explained  by  this  mechanism,  and  there  is  prob- 
ably peripheral  activity  as  well.  The  use  of  inhaled  anti- 
muscarinic  drugs  is  well  tolerated,  and  the  efficacy  is  main- 
tained with  chronic  use.  Although  ipratropium  is  the  first- 
line  therapy  for  symptomatic  COPD,  it  and  other  similar 
drugs  can  also  be  used  to  treat  other  obstructive  diseases. 
Ipratropium  is  available  in  an  MDI,  in  solution  for  small- 
volume  nebulizer,  and  in  combination  with  albuterol  in  an 
MDI.  Newer  antimuscarinic  agents  are  being  developed 
that  are  more  selective  for  the  Ml  and  M3  sites  and  last 
longer.  Research  is  continuing  to  better  understand  the 
sites  of  action  of  these  agents  as  well  as  to  develop  even 
more  effective  drugs. 
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Introduction 

Respiratory  tract  secretions  consist  of  mucus,  surfac- 
tant, and  periciliary  fluid.  The  airway  surface  fluid  is  present 
as  a  bilayer  with  a  superficial  gel  or  mucus  layer  and  a 
layer  of  periciliary  fluid  interposed  between  the  mucus 
layer  and  the  epithelium.  A  thin  layer  of  surfactant  sepa- 
rates the  mucus  and  periciliary  fluid  layers.1  The  mucus 
layer  extends  from  the  intermediate  to  the  upper  airway 
and  is  approximately  2-10  /xm  thick  in  the  trachea.  Air- 
way mucus  is  the  secretory  product  of  the  goblet  cells 
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(mucous  cells  of  the  pseudostratified  columnar  epithelium) 
and  the  submucosal  glands.  It  is  a  nonhomogeneous,  ad- 
hesive, viscoelastic  gel  composed  of  water,  carbohydrates, 
proteins,  and  lipids.  In  health,  the  mucus  gel  is  primarily 
composed  of  a  3-dimensional  tangled  polymer  network  of 
mucous  glycoproteins  or  mucin.  Mucin  macromolecules 
are  70-80%  carbohydrate,  20%  protein,  and  1-2%  sulfate 
bound  to  oligosaccharide  side  chains.  The  protein  back- 
bones of  mucins  are  encoded  by  MUC  genes,  at  least  5  of 
which  are  expressed  in  the  respiratory  tract,  although 
MUC5ac  and  MUC5b  appear  to  be  the  predominant  mu- 
cins in  the  lower  respiratory  tract.2 

The  depth  and  composition  of  the  airway  surface  fluid 
depend  on  secretion  from  the  mucous  cells  and  submucous 
glands  and  active  ion  transport  across  the  surface  epithelium 
as  a  mechanism  for  altering  the  hydration  of  secretions.  The 
composition  and  physical  characteristics  of  airway  surface 
fluid  allow  for  normal  ciliary  function  and  airway  hygiene,3 
and  protect  the  airway  from  drying.  Lysozyme,  immuno- 
globulins, and  antibacterial  peptides  in  airway  surface  fluid 
provide  a  defense  mechanism  for  the  airways. 

Mucus  is  transported  from  the  lower  respiratory  tract  into 
the  pharynx  by  air  flow  and  mucociliary  clearance.  Expec- 
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torated  sputum  is  composed  of  lower  respiratory  tract  secre- 
tions along  with  nasopharyngeal  and  oropharyngeal  secre- 
tions, cellular  debris,  and  microorganisms.  Disruption  of 
normal  secretion  or  mucociliary  clearance  results  in  impaired 
pulmonary  function  and  lung  defense,  and  increased  risk  of 
infection.4  Abnormal  respiratory  secretions  can  cause  mucus 
inspissation.  postobstructive  atelectasis,  and  airway  and  pa- 
renchymal lung  injury  with  bronchiectasis  and  pulmonary 
fibrosis,  leading  to  severe  pulmonary  dysfunction. 

Medications  for  Clearing  Secretions 

Medications  that  enhance  the  clearance  of  secretions  from 
the  respiratory  tract  or  decrease  the  volume  of  respiratory 
secretions  are  collectively  called  mucoactive  agents  (Table  1). 


Table  1.      Mucoactive  Agents 


Mucoactive  Agent 


Classical  mucolytics 
N-acetylcysteine 


Nacystelyn 


Potential  Mechanisms 
of  Action 


Alters  the  chemical  structure  of 
disulfide  containing  proteins 
and  peptides 

Increases  mucus  chloride 
content  (improved  hydration 
of  secretions)  and  severs 
disulfide  bonds 


Mucolysis 

Mucociliary  clearance  is  in  part  dependent  on  the  vis- 
coelasticity  of  the  secretions.  Mucolysis  involves  disrup- 
tion of  the  cross-linking  or  tangled  interaction  between  the 
macromolecules  that  form  the  gel.  Normally,  reduction  in 
cross-linking  and  viscoelasticity  of  the  mucus  gel  improve 
mucociliary  clearance.  However,  occasionally,  the  mucus 
may  be  too  thin  for  effective  clearance.5  In  such  an  in- 
stance, increasing  the  cross-linking  with  a  mucospissic 
agent  may  improve  clearance.  These  agents  collectively 
are  called  mucotropic  agents. 

Classic  Mucolytic  Agents 

Classic  mucolytic  agents  work  by  severing  disulfide 
bonds,  calcium  binding,  depolymerizing  mucopolysaccha- 
rides, and  liquefying  proteins.  Agents  containing  free  sulf- 
hydryl  (thiol)  groups  reduce  the  disulfide  bridges  intercon- 
necting cysteine  residues  on  adjacent  mucin  proteins.  These 
include  N-acetyl  L-cysteine  (NAC).  NAC  reduces  the  di- 
sulfide bond,  thus  reducing  the  elasticity  and  viscosity  of 
the  mucus  gel.6-7  In  vitro  studies  have  demonstrated  a  dose- 
dependent  effect  of  NAC  on  the  viscoelastic  properties  of 
secretions.8  In  vivo,  it  is  ineffective  when  given  orally.9 

Peptide  Mucolytics 


Peptide  mucolytics 
Dornase  alfa 


Gelsolin 
Thymosin  /34 

Nondestructive  mucolytics 
Hypertonic  saline 

Dextran 

Low  molecular  weight  heparin 


Mucoregulatory  agents 
Anticholinergic  agents 

Glucocorticoids 

Indomethacin 
Macrolide  antibiotics 


Mucokinetic  agents 
Bronchodilators 

Surfactants 


Hydrolyzes  DNA  molecules 
with  reduction  in  DNA 
length 
Depolymerizes  F-actin 
Depolymerizes  F-actin 


Reduces  ionic  bonds  and 
increases  secretion  hydration 

Breaks  hydrogen  bonds  and 
increases  secretion  hydration 

May  break  both  hydrogen  and 
ionic  bonds 


Decreases  volume  of  stimulated 

secretions 
Decreases  airway  inflammation 

and  mucin  secretion 
Decreases  airway  inflammation 
Decreases  airway  inflammation 

and  mucin  secretion 


Can  improve  cough  clearance 

by  increasing  expiratory  flow 
Decreases  sputum  adhesiveness 


Sputum  contains  products  of  inflammation,  including  cel- 
lular debris  and  neutrophil-derived  DNA  and  filamentous  ac- 
tin  (F-actin).  DNA  and  F-actin  copolymerize  to  form  a  rigid 
polymer  network  entangled  with  the  mucin  gel.10  Peptide 
mucolytics  degrade  these  abnormal  filaments  and  leave  the 
glycoprotein  network  relatively  intact.  Dornase  alfa  has  been 
approved  for  the  treatment  of  cystic  fibrosis.  It  cleaves  DNA 
polymers,  reducing  both  sputum  viscosity  and  adhesivity." 
Other  peptide  mucolytics  under  investigation  include  the  F- 
actin  depolymerizing  agents  gelsolin  and  thymosin  04.  In 
vitro  studies  have  demonstrated  that  F-actin  depolymerizing 
agents  in  conjunction  with  dornase  alfa  result  in  a  greater 
reduction  in  sputum  viscoelasticity  and  cohesivity.,2•l,  The 
F-actin  depolymerizing  agents  both  destabilize  the  actin-DNA 
filament  network  and  increase  the  depolymerizing  activity  of 
dornase  alfa  on  the  DNA  filaments. 

Nondestructive  Mucolysis 

Although  agents  that  affect  ionic  charge  interactions 
and  hydrogen  bonds  are  not  true  mucolytic  agents,  they 
can  alter  polymer  interactions,  reducing  both  viscosity  and 
elasticity  without  reducing  the  polymer  chain  length.  These 
agents  include  both  ionic  agents  such  as  sodium  chloride 
and  nonionic  agents  such  as  dextran. 
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Ionic  agents  are  thought  to  shield  the  fixed  charges  along 
the  macromolecular  core  of  the  mucin  polymer,  making  it 
less  stiff  and  less  extended,  thus  reducing  the  entanglements 
with  neighboring  macromolecules.  Hyperosmolar  saline 
breaks  ionic  bonds  within  the  mucus  gel,  reducing  the  degree 
of  cross-linking  and  the  viscoelasticity  of  sputum.1415  It  may 
also  tonically  increase  the  water  content  of  mucus.16  In  the 
presence  of  infected  mucus,  hypertonic  saline  can  separate 
the  DNA  molecules  from  the  mucoprotein  component  of  the 
mucus,  making  the  mucoprotein  susceptible  to  proteolytic 
enzyme  digestion. 

Agents  that  alter  hydrogen  bonding  within  mucus  may 
improve  mucus  clearance.1718  Although  each  individual  hy- 
drogen bond  is  weak,  the  total  potential  of  these  bonds  is 
substantial,  since  the  oligosaccharide  side  chains  make  up 
about  80%  of  the  mucin  structure.  The  lower-molecular- 
weight  fractions  are  primarily  responsible  for  the  mucoactive 
effects  of  dextran.  In  addition  to  the  breakdown  of  hydrogen 
bonds,  an  osmotic  effect  with  increased  hydration  of  the  mu- 
cus could  also  result  in  improved  clearance  of  secretions. 

Mucokinesis 

For  an  effective  cough,  there  must  be  adequate  air  flow  to 
detach  secretions  from  the  epithelium  and  mobilize  sputum 
so  that  it  can  be  expectorated.  Mucokinetic  agents  improve 
the  cough  clearance  of  secretions  by  increasing  air  flow  or 
decreasing  the  interaction  between  secretions  and  epithelium. 

Mucus  adheres  to  the  cilia  and  the  epithelium.  A  layer 
of  surfactant  between  the  periciliary  fluid  and  the  mucus 
gel  improves  spreading  of  the  mucus  and  promotes  effi- 
cient energy  transfer  from  the  beating  cilia  to  the  mucus, 
thus  preventing  entanglement  of  cilia  in  mucus  and  pro- 
moting cough  clearance  of  secretions.  Phase  2  clinical 
trials  using  a  surfactant  aerosol  demonstrated  a  significant 
increase  in  pulmonary  function  associated  with  improved 
in  vitro  mucus  clearability  in  patients  with  cystic  fibrosis 
and  chronic  bronchitis.19 

Bronchodilators  can  be  considered  mucokinetic  agents 
in  those  patients  who  demonstrate  an  improvement  in  air 
flow  with  bronchodilator  therapy.  By  virtue  of  their  ability 
to  increase  expiratory  flow  in  intermediate  and  large  air- 
ways, they  can  substantially  improve  cough  clearance. 
Since  6  agonists  are  mucus  secretagogues,  it  is  important 
to  demonstrate  improvement  in  pulmonary  function  before 
these  agents  are  prescribed.  Although  /3  agonists  improve 
ciliary  beat  frequency,  this  does  not  appear  to  improve 
mucus  clearance  in  patients  with  lung  disease. 

Mucoregulatory  Agents 

Agents  that  inhibit  mucus  production  or  secretion  are 
called  mucoregulatory  agents.  These  include  anticholin- 
ergic agents  (decrease  the  volume  of  stimulated  secretions 


without  increasing  viscosity),  glucocorticosteroids,  indo- 
methacin,  and  some  macrolide  antibiotics.  Reduction  of 
mucin  secretion  by  macrolide  antibiotics  (erythromycin 
and  clarithromycin)  is  unrelated  to  their  antibacterial  ac- 
tivity but  may  be  related,  in  part,  to  their  anti-inflamma- 
tory properties.20 

Aerosol  Delivery  of  Mucoactive  Agents 

Most  mucoactive  agents  have  been  developed  as  oral 
preparations.  Oral  medications  are  usually  easy  to  admin- 
ister and  dosing  is  relatively  precise,  although  absorption 
may  be  variable.  Some  medications,  such  as  the  macrolide 
antibiotics,  appear  to  be  effective  only  when  given  orally. 
Other  drugs,  such  as  guaifenesin,  may  best  target  effector 
cells  if  given  orally.  Ideally,  oral  mucoactive  agents  should 
be  easily  ingested  and  adequately  absorbed  from  the  gas- 
trointestinal tract  and  should  be  effective  in  decreasing 
secretions  or  enhancing  clearance.  Often,  systemically  ad- 
ministered mucoactive  agents  may  be  only  partially  effec- 
tive because  of  a  poor  therapeutic  ratio.  Therefore,  in  re- 
cent years,  there  has  been  an  increasing  trend  toward 
targeting  the  airways  directly  by  means  of  aerosol  therapy. 
The  potential  advantages  of  inhaling  mucoactive  agents 
include  localized  action  in  the  airways,  more  rapid  onset  of 
action,  and  decreased  adverse  effects.  Peptide  and  protein 
compounds,  which  would  otherwise  be  broken  down  in  the 
stomach,  can  be  administered  via  inhalation  and  often  will 
retain  activity. 

Various  mucoactive  agents  are  being  investigated  for 
possible  delivery  via  aerosol.  These  include  NAC,  dornase 
alfa,  osmolar  agents,  surfactant,  and  anti-inflammatory 
agents.  In  patients  with  secretion  retention,  aerosolized 
drug  delivery  is  affected  by  decreased  drug  transport  across 
infected  secretions,  drug  losses  due  to  binding  to  glycop- 
roteins, inactivation  by  various  mucus  components,  and 
inefficient  drug  delivery  to  peripheral  airways  because  of 
mucus  plugging. 

N-acetyl  L-cysteine 

In  vitro  studies  have  shown  a  dose-dependent  effect  of 
NAC  on  the  viscoelasticity  of  sputum,  such  that  the  greater 
the  concentration  of  NAC,  the  greater  the  reduction  in 
secretion  viscosity. h-8  NAC  also  is  an  antioxidant  by  in- 
creasing glutathione.  The  use  of  NAC  via  aerosol  is  lim- 
ited, since  it  can  induce  bronchospasm  in  some  patients.  It 
has  an  unpleasant  taste  and  odor,  making  it  unpopular  with 
many  patients.  A  systematic  review  of  the  use  of  nebulized 
NAC  in  patients  with  cystic  fibrosis  found  only  3  random- 
ized clinical  trials,  none  of  which  showed  a  clinically  rel- 
evant beneficial  effect  of  therapy.21-22  A  lysine  derivative 
of  NAC,  nacystelyn  (NAL),  can  reduce  mucus  viscoelas- 
ticity in  dogs21  and  in  cystic  fibrosis  patients.24  NAL  im- 
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proves  tracheal  mucus  velocity  in  anesthetized  dogs,  and 
this  improvement  is  accompanied  by  an  increase  in  mucus 
chloride  content  consistent  with  increased  secretion  hydra- 
tion. NAL  may  be  an  attractive  alternative  to  NAC,  as  it 
can  be  administered  via  pressurized  metered  dose  inhaler 
and  has  a  pseudoneutral  pH,  compared  to  that  of  nebulized 
NAC  (pH  2.2).  European  clinical  trials  of  aerosolized  NAL 
are  in  progress. 

Dornase  Alfa 

Recombinant  human  deoxyribonuclease  I  (rhDNase  or 
dornase  alfa)  cleaves  DNA  molecules,  resulting  in  de- 
creased sputum  viscosity  and  tenacity."  Administration  of 
dornase  alfa  via  aerosol  to  patients  with  stable  cystic  fi- 
brosis lung  disease  has  been  shown  to  improve  forced 
expiratory  volume  in  the  first  second  (FEV,),  reduce  the 
frequency  of  pulmonary  exacerbations,  and  improve  the 
measured  quality  of  life.25  Ultrasonic  devices  denature  pep- 
tides such  as  dornase  alfa.  Clearly,  the  choice  of  a  nebu- 
lizer system  for  delivery  of  any  drug  depends  on  the  phys- 
icochemical  properties  of  the  agent,  dose  of  the  drug,  and 
patient  compliance  issues. 

Osmolar  Agents 

Isotonic  saline  aerosol  has  been  shown  to  induce  expec- 
toration (sputum  induction)  even  in  healthy  subjects.  Sig- 
nificant improvement  in  FEV,  has  been  demonstrated  af- 
ter the  use  of  hypertonic  saline  aerosol  therapy  by  cystic 
fibrosis  patients.26  The  response  to  hypertonic  saline  in- 
halation is  dose-dependent,  with  better  results  seen  with 
more  concentrated  saline  solutions.27  Patients  with  hyper- 
reactive airways  may  have  bronchospasm  following  ad- 
ministration of  hypertonic  saline.  Hypernatremia  can  re- 
sult following  administration  of  hypertonic  saline  in  patients 
with  renal  insufficiency. 

Secretion  clearance  can  be  stimulated  by  monosaccha- 
rides or  disaccharides  such  as  mannitol  and  lactose.  A  dry 
powder  of  mannitol  has  been  used  as  an  osmotic  stimulus 
to  increase  mucociliary  clearance  in  healthy  subjects  and 
in  patients  with  asthma  and  bronchiectasis.17  Mannitol  in- 
halation increases  mucociliary  clearance,  and  the  response 
is  comparable  to  that  obtained  by  inhalation  of  hypertonic 
saline.  The  increase  in  secretion  clearance  was  not  related 
to  induced  cough.  Dextran  administration  via  aerosol  has 
also  been  shown  to  increase  tracheal  mucus  velocity  in 
dogs.28 

Low-molecular-weight  heparin,  a  charged  oligosaccha- 
ride, may  have  greater  mucolytic  and  mucokinetic  prop- 
erties than  dextran.  It  may  disrupt  hydrogen  bonds  similar 
to  low-molecular-weight  dextran,  and  improve  ionic  inter- 
actions like  hypertonic  saline.  Aerosolized  low-molecular- 
weight  heparin  also  shows  promise  in  the  treatment  of 


asthma,  presumably  by  interfering  with  antigen-receptor 
binding.29 

Surfactant 

Pulmonary  surfactants  help  maintain  bronchiolar  and 
alveolar  stability,  particularly  at  low  lung  volumes.  In  the 
airway,  surfactant  can  provide  lubrication,  increase  cilia 
beat  frequency,  and  improve  interaction  between  cilia  and 
secretions,  resulting  in  improved  cough  and  mucociliary 
clearance.  Airway  surfactant  facilitates  the  formation  of  an 
interfacial  bilayer  that  helps  transfer  kinetic  energy  be- 
tween the  cilia  and  the  mucus  layer. 

Direct  tracheal  instillation  of  surfactant  is  impractical 
for  most  patients  with  reduced  mucociliary  clearance.  This 
mode  of  surfactant  delivery  is  also  expensive  and  ineffi- 
cient because  of  nonuniform  distribution  of  surfactant,  ne- 
cessitating administration  of  large  volumes  of  the  drug.  An 
appealing  alternative  is  administration  of  surfactant  via 
aerosol.  Whereas  surfactant  instillation  did  not  improve 
severe  ventilation-perfusion  mismatch  in  an  isolated  lung 
model  of  acute  lung  injury,  nebulized  surfactant  markedly 
reversed  it.30  Surfactant  aerosol  therapy  has  also  been  shown 
to  improve  both  in  vitro  mucociliary  clearability  of  sputum 
and  pulmonary  function  in  patients  with  chronic  bronchitis 
or  cystic  fibrosis.19 

Meconium  aspiration  syndrome  is  a  disease  character- 
ized by  mechanical  obstruction  of  the  airways,  inflamma- 
tion and  chemical  pneumonitis,  and  inactivation  of  surfac- 
tant function,  and  this  can  lead  to  pulmonary  hypertension.3 ' 
These  infants  are  often  treated  with  surfactant  therapy. 
Those  infants  not  sick  enough  to  require  intubation  but 
requiring  supplemental  oxygen  may  benefit  from  inhaled 
surfactant  therapy.  Surfactant  inhalation  appears  to  be  a 
promising  new  approach  for  providing  surfactant  therapy. 

Anti-inflammatory  Agents 

Anti-inflammatory  agents  reduce  airway  mucosal  in- 
flammation, and  may  decrease  secretion  production  and 
retention.  In  inflammatory  airway  disease,  epithelial  cell 
desquamation  results  in  increased  secretions.  The  increase 
in  proteases,  DNA,  and  F-actin  increase  mucus  viscosity 
and  decrease  mucociliary  clearance.  Although  low-dose 
oral  corticosteroids  improve  the  clinical  course  of  selected 
cystic  fibrosis  patients,32  clinical  trials  of  inhaled  cortico- 
steroids have  shown  conflicting  results.  Another  anti-in- 
flammatory agent,  indomethacin,  administered  via  nebu- 
lizer, effectively  reduced  mucus  hypersecretion  in  diffuse 
panbronchiolitis  patients.33  Airway  targeted  antioxidant  and 
antiprotease  therapies,  if  effective,  could  decrease  airway 
secretion  volume  and  purulence. 
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Combination  Therapy 

Combination  therapy  may  consist  of  different  medica- 
tions aerosolized  together  or  in  tandem.  The  most  com- 
monly used  combination  therapy  in  cystic  fibrosis  patients 
is  the  combination  of  antibiotics  and  bronchodilators.  An- 
other possible  combination  is  NAL  with  dornase  alfa:34 
combination  therapy  at  half  the  concentration  of  each  drug 
significantly  decreased  in  vitro  cystic  fibrosis  sputum  co- 
hesivity,  indicating  an  additive  effect  of  the  two  drugs. 
Similar  effects  were  observed  when  dornase  alfa  was  used 
in  conjunction  with  either  hypertonic  saline14  or  gelso- 
lin.1213  The  use  of  combination  therapy  may  decrease  the 
number  of  doses  of  medications  taken  through  the  day, 
with  possible  improvement  in  patient  compliance.  The  clin- 
ical efficacy  of  combination  therapy  needs  to  be  further 
evaluated  in  clinical  trials.  Where  feasible,  therapeutic 
agents  to  be  delivered  via  inhalation  should  be  formulated 
for  delivery  from  a  pressurized  metered-dose  inhaler  or  a 
dry  powder  inhaler,  since  these  are  more  patient-friendly, 
easier  to  use,  and  usually  more  cost  effective. 

Clinical  Use  of  Aerosol  Mucoactive  Agents 

The  principal  indication  for  the  use  of  mucoactive  agents 
is  to  reduce  airway  obstruction  by  abnormal  secretions. 
Decreasing  the  volume  of  airway  secretions  can  reduce 
gas  trapping  and  improve  the  performance  of  the  muscles 
of  respiration.  The  use  of  mucoactive  therapy  to  decrease 
secretion  volume  or  to  increase  mucus  clearance  should  be 
considered  only  after  initiation  of  therapy  directed  at  de- 
creasing infection  and  inflammation  and  after  minimizing 
exposure  to  irritants,  including  tobacco  smoke. 

Patients  most  likely  to  benefit  from  mucoactive  therapy 
usually  have  preserved  air  flow  and  a  history  of  increased 
airway  secretions.  In  general,  with  an  FEV,  of  <  25%  of 
predicted,  it  becomes  difficult  to  expectorate  secretions. 
When  air  flow  is  severely  compromised,  mucolytic  agents 
could  theoretically  reduce  sputum  clearance  because  of 
retrograde  flow.  During  episodes  of  acute  mucus  retention 
(eg,  acute  bronchitis  or  acute  exacerbation  of  cystic  fibro- 
sis), mucoactive  agents  may  be  less  likely  to  be  effective. 
The  decreased  responsiveness  of  patients  to  mucoactive 
therapy  may  be  related  to  reduced  air  flow  with  infection 
and  muscular  weakness  that  can  further  compromise  air 
flow-dependent  clearance.  Patients  who  are  unable  to  pro- 
tect their  airways  may  be  unable  to  handle  increased  air- 
way secretions. 

The  effectiveness  of  mucoactive  therapy  can  be  difficult 
to  assess.  When  there  is  an  improvement  in  symptoms  and 
air  flow  or  reduced  gas  trapping,  the  benefit  of  therapy  is 
clear.  However,  changes  in  FEV,  poorly  reflect  clinical 
improvement  with  mucoactive  agents.  Expectorated  spu- 
tum volume  is  not  a  good  measure  of  the  effectiveness  of 


mucoactive  therapy.  This  is  partly  related  to  the  limitations 
in  accurately  measuring  the  volume  of  expectorated  spu- 
tum because  of  patient  reluctance  or  inability  to  expecto- 
rate, swallowing  of  secretions,  and  salivary  contamination. 
Sputum  volume  also  varies  from  day  to  day,  and  at  dif- 
ferent times  of  the  day.  Finally,  increased  sputum  could 
reflect  either  increased  clearance  or  increased  production 
of  secretions. 

The  scientific  evaluation  of  secretion  properties  and  the 
clinical  response  to  therapy  will  facilitate  the  development 
of  effective  mucoactive  therapy  and  help  us  to  better  de- 
termine which  patients  are  most  likely  to  benefit  from 
specific  therapies. 

Future  Development 

With  improved  understanding  of  the  role  of  mucoactive 
agents  in  various  inflammatory  conditions,  it  will  be  pos- 
sible to  develop  more  effective  therapies.  Because  of  tar- 
geted action  in  the  airways  with  the  possibility  of  fewer 
adverse  effects,  there  is  increasing  interest  in  delivering 
therapies  at  the  site  of  disease  in  the  airways.  Improve- 
ments in  aerosol  delivery  systems  will  result  in  improved 
aerosol  efficiency.  Appropriate  drug  formulations  need  to 
be  developed  that  can  be  easily  dispersed  using  our  current 
delivery  systems  and  systems  that  will  soon  be  available. 
Another  treatment  modality  of  the  future  is  likely  to  be 
gene  transfection  to  treat  diseases  such  as  cystic  fibrosis. 
Both  cystic  fibrosis  gene  cDNA  liposomes35  and  modified 
adenoviral  vectors36  have  been  evaluated  in  patients  with 
cystic  fibrosis. 

Summary 

The  aerosol  route  is  attractive  for  the  delivery  of  mu- 
coactive medications.  Mucoactive  medications  include  mu- 
colytics, which  depolymerize  polymers  of  mucin  (classic 
mucolytics)  or  DNA/actin  (peptide  mucolytics),  mucoki- 
netic  agents,  which  increase  cough  clearance,  mucoregu- 
latory medications,  which  decrease  abnormal  mucus  se- 
cretion, and  expectorants  and  ion  channel  modifiers. 

Despite  the  widespread  use  of  these  medications,  there 
are  few  well  conducted  studies  and  thus  few  data  clearly 
supporting  (or  failing  to  support)  their  use.  This  will  change 
as  our  understanding  of  mucociliary  physiology  and  phar- 
macology increases  and  as  well  designed  and  well  pow- 
ered clinical  trials  are  conducted  with  appropriate  outcome 
measurements. 

Effective  mucoactive  therapy  should  make  a  profound  im- 
pact on  the  care  of  patients  with  chronic  bronchitis,  asthma, 
cystic  fibrosis,  and  inflammatory  airways  disease,  and  will  be 
essential  for  the  effective  delivery  of  gene  therapy  vectors 
and  bioactive  peptides  to  the  airway  epithelium. 
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Introduction 

Selection  of  an  appropriate  aerosol  device  influences 
the  success  of  therapy.  A  variety  of  factors  should  be 
considered  when  selecting  an  aerosol  device  (Table  1).  In 
addition,  the  drug  formulation  and  the  setting  for  the  treat- 
ment influence  aerosol  device  selection.  The  incorrect  use 


of  aerosol  devices  is  a  major  factor  in  suboptimal  therapy. 
Consequently,  patient  education  is  essential  for  effective 
administration  of  aerosolized  drugs  and  adherence  to  the 
medication  plan. 

Aerosol  Generators 
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The  most  common  methods  of  generating  therapeutic 
aerosols  are  jet  pneumatic  nebulizer,  ultrasonic  nebulizer 
(USN),  pressurized  metered-dose  inhaler  (pMDI),  and  dry 
powder  inhaler  (DPI).  Device  selection  should  be  an  active 
process  predicated  upon  the  available  formulations  of  med- 
ication, patient  needs,  and  capabilities  of  the  available  tech- 
nology. 

Drug  formulations  dictate,  in  part,  which  aerosol  op- 
tions are  available  for  medication  delivery.  Most  solutions 
can  be  nebulized  if  the  medication  is  soluble  (corticoste- 
roids are  a  notable  exception),  but  the  physical  character- 
istics of  the  solution  (or  suspension)  can  affect  particle 
size  and  nebulizer  output.  Because  of  development  costs. 
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Table  I.      Factors  Influencing  Efficacy 


Properties  of  the  device 
Properties  of  the  medication 
Characteristics  of  the  aerosol 
Technique  of  use 
Type  and  severity  of  disease 
Response  to  treatment 
Patient  acceptance/preference 


many  aerosol  medications  are  initially  developed  as  neb- 
ulizer solutions  and  later  reformulated  for  pMDI  or  DPI. 
Theoretically,  if  a  particle  can  be  milled  to  a  respirable 
size  while  retaining  bioactivity.  it  can  be  delivered  via 
pMDI  or  DPI.  At  present.  DPI  formulations  are  limited  to 
a  few  preparations,  but  with  more  effective  DPI  devices 
being  developed  it  is  anticipated  that  a  greater  variety  of 
DPI  medications  and  devices  will  soon  be  commercially 
available.  There  are  still  a  greater  variety  of  available  for- 
mulations for  pMDIs  than  for  DPIs  or  conventional  neb- 
ulizer, with  more  being  developed  for  the  new  hydroflu- 
oroalkane-propelled  pMDIs. 

Nebulizers 

An  effective  small-volume  pneumatic  nebulizer  (SVN) 
should  deliver  >  50%  of  its  total  dose  as  aerosol  in  the 
respirable  range  of  1-5  /xm  mass  median  aerodynamic 
diameter  (MMAD)  in  ^  10  minutes  of  nebulization  time. 
Nebulizer  performance  varies  with  diluent  volume,  oper- 
ating flow,  pressures,  gas  density,  and  nebulizer  model. 
The  amount  of  drug  that  is  nebulized  increases  as  the 
volume  of  diluent  is  increased.  The  residual  volume  of 
medicine  that  remains  in  commercial  SVNs  varies  from 
0.8  mL  to  1.5  mL,  depending  on  the  specific  device,  so 
increasing  the  fill  volume  allows  a  greater  proportion  of 
the  active  medication  to  be  nebulized.1 

The  higher  the  gas  flow  to  the  nebulizer,  the  smaller  the 
particle  size  generated  and  the  shorter  the  time  required  to 
nebulize  the  full  dose.2  Within  the  limits  of  the  design  of 
the  nebulizer,  the  higher  the  gas  pressure  and/or  flow  to 
the  nebulizer,  the  smaller  the  particle  size  generated.3  Nebu- 
lizers that  produce  smaller  particles  by  use  of  baffles,  such 
as  one  way  valves,  may  have  a  lower  total  drug  output  per 
minute  than  the  same  nebulizer  without  baffling,  requiring 
more  time  to  deliver  a  standard  dose  of  medication. 

Gas  density  affects  both  aerosol  generation  and  delivery 
of  aerosol  to  the  lungs.  This  is  most  evident  with  low 
density  helium-oxygen  (heliox)  mixtures.  The  lower  the 
density  of  a  carrier  gas,  the  less  turbulent  the  flow  (ie.  the 
lower  the  Reynolds  number),  and  this  theoretically  de- 
creases aerosol  impaction.4  However,  when  heliox  is  used 
to  drive  a  jet  nebulizer,  aerosol  output  is  much  less  than 


with  air  or  oxygen,  requiring  a  2-fold  increase  in  flow  to 
produce  a  comparable  output  of  respirable  aerosol  per 
minute.  Thus,  though  helium  increases  the  amount  of  aero- 
sol getting  into  the  lungs,  it  impairs  the  production  of  the 
aerosol  suspension  at  the  nebulizer.5 

Humidity  and  temperature  affect  the  particle  size  and 
the  concentration  of  drug  remaining  in  the  nebulizer.  Evap- 
oration of  water  and  adiabatic  expansion  of  gas  can  reduce 
the  temperature  of  the  aerosol  to  as  much  as  5°  C  below 
ambient  temperature.  Aerosol  particles  entrained  into  a 
warm  and  fully  saturated  gas  stream  increase  in  size.  These 
particles  can  also  coalesce,  further  increasing  the  MMAD 
and,  in  the  case  of  a  DPI,  this  can  severely  compromise  the 
output  of  respirable-size  particles. 

With  the  large  volume  of  the  nominal  dose  that  is  trapped 
in  conventional  nebulizers,  it  is  important  to  determine 
when  to  end  the  nebulizer  treatment.  Malone  et  al  found 
that  albuterol  delivery  from  the  nebulizer  ceased  following 
the  onset  of  inconsistent  nebulization  (sputtering).6  Aero- 
sol output  declined  by  one-half  within  20  seconds  of  the 
onset  of  sputtering.  The  concentration  of  albuterol  in  the 
nebulizer  cup  increased  significantly  once  the  aerosol  out- 
put declined,  and  further  weight  loss  in  the  nebulizer  was 
primarily  due  to  evaporation.  Aerosolization  past  the  point 
of  initial  jet  nebulizer  sputter  is  ineffective,  and  should  be 
used  as  an  indication  to  end  the  treatment  (Table  2). 

Nebulizer  selection  affects  aerosol  delivery.  Only  nebu- 
lizers that  have  been  shown  to  work  reliably  under  specific 
conditions,  with  specific  medications,  and  with  specific 
compressors  should  be  used.7  Nebulizers  that  produce  aero- 
sols with  MMADs  of  0.5-3.0  /ira  are  more  likely  to  achieve 
greater  deposition  in  the  lower  respiratory  tract,  especially 

Table  2.      Optimal  Technique  for  Use  of  Small- Volume  Nebulizer 

Assemble  apparatus. 

Mix  medication  per  prescription  and  add  to  nebulizer. 

Assure  that  fill  volume  is  4-6  mL. 

If  SVN  is  operated  continuously,  add  50  mL  of  tubing  or  other 

reservoir. 
Attach  gas  source,  providing  adequate  gas  flow  to  operate  within 

specifications  of  the  nebulizer. 
Position  patient  in  an  upright  position,  sitting,  or  reclining. 
Through  mouthpiece  or  mask,  encourage  patient  to  breathe  through 

mouth. 
Through  artificial  or  bypassed  upper  airway,  assure  that  nebulizer  is 

positioned  appropriately  and  not  placing  undue  pressure  on  the 

airway. 
Encourage  patient  to  take  normal,  comfortable  breaths,  with  occasional 

deep  breaths  and  low  inspiratory  flow. 
Periodically  tap  nebulizer  to  return  impacted  particles  to  the  reservoir. 
Assess  patient  for  comfort,  adverse  effects,  and  response  throughout 

treatment. 
When  nebulizer  begins  to  sputter  and  stops  nebulizing,  remove  from 

patient  and  either  clean/disinfect,  replace,  or  rinse  with  sterile  water 

and  air  dry.  properly  storing  between  treatments. 
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Fig.  1 .  Diagram  of  the  aerosol  emitted  from  a  nebulizer  in  relation 
to  inspiratory  and  expiratory  cycles  with  (top)  continuous,  (middle) 
breath  enhanced,  and  (bottom)  breath-actuated  nebulizers. 


when  used  to  treat  small  children  or  during  mechanical 
ventilation.8 

SVNs  are  commonly  operated  continuously.  Continu- 
ous nebulization  wastes  medication  because  the  aerosol 
produced  between  the  end  of  an  inspiration  and  the  begin- 
ning of  the  next  inspiration  is  largely  lost  to  the  atmo- 
sphere (Fig.  1).  This  is  a  major  factor  in  the  poor  effi- 
ciency associated  with  pneumatic  nebulizers.  If  only  50% 
of  the  nominal  dose  exits  the  nebulizer,  with  60%  of  that 
as  particles  in  the  respirable  size  range,  and  only  25%  of 
that  is  inhaled  by  the  patient,  then  £  10%  of  the  nominal 
dose  is  inhaled  by  the  patient  (with  20%  of  that  exhaled). 

A  reservoir  on  the  expiratory  limb  of  the  nebulizer  con- 
serves drug  aerosol  by  collecting  some  of  the  nebulizer 
output  that  would  otherwise  be  wasted  to  the  atmosphere.9 
Placing  6  inches  of  aerosol  tubing  on  the  expiratory  side  of 
the  nebulizer  T-tube  may  improve  inhaled  drug  by  >  20%. 


Fig.  2.  An  example  of  a  breath-enhanced,  vented  nebulizer  (PARI 
LC  Plus).  (Courtesy  of  PARI  Respiratory  Equipment  Inc,  Midlothian, 
Virginia.) 

Alternatively,  commercial  devices  with  simple  bag  reser- 
voirs allow  a  greater  volume  reservoir,  in  which  the  smaller 
aerosol  particles  remain  in  suspension  for  inhalation  with 
the  next  breath,  while  larger  particles  rain  out. 

Breath-Enhanced  Nebulizer 

A  vented  nebulizer  system  can  be  used  to  reduce  aerosol 
waste.10  In  this  type  of  device  (Fig.  2),  an  inspiratory  vent 
allows  the  patient  to  inhale  additional  air  with  the  aero- 
solized drug,  increasing  drug  delivery  on  inspiration, 
whereas  on  exhalation,  the  inlet  vent  closes  and  aerosol 
exits  via  a  one-way  valve  near  the  mouthpiece,  reducing 
aerosol  waste.  This  increases  inhaled  dose  by  as  much 
as  20-50%  without  increasing  the  time  required  for  the 
treatment. 

Intermittent  Nebulization 

Intermittent  nebulization,  synchronizing  aerosol  gener- 
ation with  inspiration,  greatly  increases  the  amount  of  drug 
available  for  inspiration.  Though  the  aerosol  inhaled  per 
breath  during  nebulization  is  similar,  nebulization  time 
increases  by  >  4-fold,  as  does  the  total  aerosol  inhaled. 
Intermittent  nebulization  can  be  accomplished  with  a  thumb 
control  port  that  allows  the  patient  to  manually  direct  gas 
to  the  nebulizer  only  on  inspiration.  This  improves  effi- 
ciency of  the  nebulizer  if  the  patient  has  good  hand-breath 
coordination. 

Breath-Actuated  Nebulizer 

Breath-actuated  nebulization  occurs  when  the  aerosol  is 
generated  in  coordination  with  inspiration.  Nebulizing  only 
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Fig.  3.  Breath-actuated  pneumatic  nebulizers.  Left:  Ha\oLite  (Cour- 
tesy of  Medic-Aid,  West  Sussex,  United  Kingdom.)  Right:  Aero- 
eclipse  (Courtesy  of  Monaghan  Medical,  Syracuse,  New  York.) 


during  inspiration  is  more  efficient  than  continuous  or 
vented  systems.  Breath-actuated  nebulizers  deliver  the  same 
or  greater  dose  in  the  same  amount  of  time  as  the  contin- 
uous nebulizer,  though  to  nebulize  the  entire  dose  in  the 
nebulizer,  a  breath-actuated  system  may  take  3-4  times 
longer  (delivering  3-4  times  more  drug)  than  a  continuous 
nebulizer.  The  Halolite  system  uses  a  microprocessor  and 
pressure  sensor  to  nebulize  during  the  first  half  of  inspi- 
ration. This  compressor-driven  nebulizer  (Fig.  3)  monitors 
the  inspiratory  time  of  the  patient's  first  3  breaths  and 
creates  a  template  for  nebulizing  during  the  first  50%  of 
inspiration  during  subsequent  breaths. 

The  AeroEclipse  is  a  purely  pneumatic  device  that  neb- 
ulizes during  inspiration  (see  Fig.  3).  The  inspiratory  effort 
of  the  patient  engages  the  nebulizer,  producing  aerosol 
during  inspiration,  and  stops  nebulizing  when  patient  in- 
spiratory effort  ends.  A  manual  override  button  allows  the 
nebulizer  to  be  engaged  manually. 

Hospital  Versus  Home  Use 

Gas  pressure  and  flow  affect  particle  size  distribution 
and  output  in  pneumatic  nebulizers.  A  nebulizer  that  pro- 
duces an  MMAD  of  2.5  /u,m  when  driven  by  a  gas  source 
of  50  psi  at  6-10  L/min  may  produce  an  MMAD  >  8  /im 
when  operated  on  a  home  compressor  (or  ventilator)  lim- 
ited to  pressures  of  10  psi.  Too  low  a  flow  can  result  in 
negligible  output.  Consequently,  nebulizers  used  for  home 
care  should  be  matched  to  the  compressor  based  on  data 
supplied  by  the  manufacturer  that  the  specific  combination 
of  equipment  will  efficiently  nebulize  the  desired  medica- 
tions prescribed  for  the  patient.  In  Europe,  standards  have 
been  established  that  require  equipment  manufacturers  to 
demonstrate  that  their  nebulizer  and  compressor  combina- 
tion can  nebulize  the  appropriate  fill  volume  of  drug  within 
10  minutes,  deliver  >  50%  of  the  drug  in  the  nebulizer  as 
respirable  particles,  and  identify  all  medications  with  which 


the  nebulizer  and  compressor  might  reliably  meet  these 
two  criteria.9  Clinicians  should  ascertain  that  patients  are 
only  prescribed  systems  that  have  been  demonstrated  to 
meet  these  criteria.  PARI  and  Medic-Aid  are  examples  of 
manufacturers  that  have  made  such  validated  systems  avail- 
able in  the  United  States. 

Other  concerns  when  using  disposable  nebulizers  with 
compressors  at  home  involve  possible  degradation  of  per- 
formance of  the  plastic  device  over  multiple  uses.  A  recent 
study  demonstrated  that  repeated  use  did  not  alter  MMAD 
or  output,  as  long  as  proper  cleaning  was  performed.  Fail- 
ure to  clean  the  nebulizer  properly  resulted  in  degradation 
of  performance  of  the  air-entrainment  system,  reducing 
both  the  output  flow  and  the  buildup  of  electrostatic  charge 
in  the  device." 

The  Centers  for  Disease  Control  recommend  that  nebu- 
lizers be  cleaned  and  disinfected  or  rinsed  with  sterile 
water  between  uses,  then  air  dried.12  Oie  and  Kamiya, 
studying  microbial  contamination  of  antibiotic  aerosol  so- 
lutions, found  that  after  7  days,  5  out  of  6  solutions  were 
contaminated.'3  The  contamination  appears  to  have  been 
caused  by  storage  of  multiple  dose  solutions  at  room  tem- 
perature instead  of  in  a  refrigerator,  and  reuse  of  syringes 
to  measure  and  dispense  the  solution.  Refrigerating  solu- 
tion and  disposing  of  syringes  every  24  hours  eliminated 
bacterial  contamination. 

Special  Medication  Delivery  Issues 
for  Infants  and  Children 

The  airway  diameter  in  children  and  infants  is  smaller, 
the  breathing  rate  is  faster,  nose  breathing  filters  out  large 
particles  and  deposits  more  medication  in  the  upper  air- 
way, and  mouthpiece  administration  often  cannot  be  used. 
Patient  cooperation  and  ability  to  perform  the  procedure 
effectively  varies  with  the  patient's  age  and  developmental 
ability. 

For  patients  who  can  tolerate  a  mask,  the  nebulizer  can 
be  fitted  to  an  appropriate  aerosol  mask.  There  is  no  dif- 
ference in  clinical  response  between  mouthpiece  and  close- 
fitting  mask  treatment,  so  patient  compliance  and  prefer- 
ence should  guide  selection  of  the  device.14  If  the  patient 
cannot  tolerate  mask  treatment  (eg,  will  not  wear  the  mask 
closely  to  the  face  or  gets  upset  to  the  point  of  compro- 
mising oxygenation),  a  commonly  employed  strategy  is 
use  of  a  "blow-by"  technique,  in  which  the  practitioner 
directs  the  aerosol  from  the  nebulizer  toward  the  patient's 
nose  and  mouth.  However,  there  are  no  published  data 
supporting  the  use  of  the  "blow-by"  technique,  and  aerosol 
deposition  studies  suggest  that  virtually  no  drug  enters  the 
airway  with  this  technique.  The  "blow-by"  wastes  consid- 
erable resources,  with  no  evidence  of  efficacy.  It  is  more 
efficient  to  deliver  medication  by  close-fitting  mask  when 
the  patient  is  asleep. 
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Spontaneous  breathing  results  in  greater  deposition  of 
aerosol  from  an  SVN  than  does  positive  pressure  breathing 
(eg,  intermittent  positive-pressure  breathing).  Intermittent 
positive-pressure  breathing  reduces  aerosol  deposition  by 
>  30%,  compared  to  spontaneously  inhaled  aerosols.15 
Normal  tidal  breathing  is  the  most  effective  method  to 
administer  aerosols  to  an  infant.  Mouth  breathing  enhances 
medication  delivery  to  the  airways  in  adults,  but  there  are 
few  data  on  infants  who  are  preferential  nose  breathers. 
Crying  is  a  long  exhalation  preceded  by  a  very  short  and 
rapid  inhalation.  Murakami  et  al  demonstrated  that  crying 
completely  prevents  lower  airway  deposition  of  an  aerosol 
medication.16  Thus,  aerosols  should  never  be  administered 
to  a  crying  child. 

Large- Volume  Nebulizers 

A  large-volume  pneumatic  nebulizer  (LVN)  has  a  res- 
ervoir volume  of  >  100  mL  and  can  be  used  to  administer 
an  aerosol  solution  over  a  prolonged  period.  Indications 
for  using  LVN  with  a  bland  solution  include  humidifying 
medical  gases  when  the  upper  airway  is  bypassed,  con- 
trolling stridor  with  a  cold  aerosol,  and  inducing  sputum. 
Since  nebulizers  provide  a  route  of  transmission  for  patho- 
gens, passover  humidifiers  and  heated-wire  humidifiers 
are  preferable  for  humidification. 

LVNs  work  on  the  same  principles  as  SVNs,  with  the 
exception  that  the  residual  volume  is  greater  and  the  ef- 
fects of  evaporation  over  time  are  more  profound.  When 
using  the  LVN  to  administer  a  solution  containing  medi- 
cations such  as  bronchodilators,  the  medication  becomes 
increasingly  concentrated  because  of  preferential  evapora- 
tion of  the  diluent. 

LVNs  tend  to  be  noisy.  Caution  should  be  exercised 
when  using  LVNs  with  incubators  or  hoods.  The  Ameri- 
can Academy  of  Pediatrics  recommends  a  sound  level  < 
58  dB  to  avoid  hearing  loss  in  patients  in  incubators  and 
hoods.  Many  LVNs  are  designed  to  deliver  controlled  con- 
centrations of  oxygen  via  an  entrainment  system.  Standard 
entrainment  nebulizers  may  deliver  a  fraction  of  delivered 
oxygen  approaching  1.00,  but  are  incapable  of  providing  a 
fraction  of  inspired  oxygen  >  0.40.  High  flow  nebulizers 
are  designed  to  deliver  high  oxygen  flows,  bringing  the 
fraction  of  inspired  oxygen  up  to  0.60-0.80.  Closed  dilu- 
tion and  gas  injection  nebulizers  provide  high  flow  access 
to  the  nebulizer  from  two  gas  sources,  allowing  gas  to  mix 
without  compromising  the  fraction  of  inspired  oxygen  (Fig.  4). 

Ultrasonic  Nebulizers 

The  USN  uses  a  piezoelectric  crystal  vibrating  at  a  high 
frequency  to  create  an  aerosol.  USNs  are  capable  of  a 
broader  range  of  aerosol  output  (0.5-7  mL/min)  and  higher 
aerosol  densities  than  most  conventional  jet  nebulizers. 


Fig.  4.  A  closed  dilution  large-volume  nebulizer  (Hope  Continuous 
Nebulizer),  approved  for  continuous  nebulization  of  bronchodila- 
tors and  administration  of  helium-oxygen  mixtures.  (Courtesy  of 
B&B  Medical  Technologies,  North  Highlands,  California.) 


Particle  size  is  affected  by  frequency,  whereas  output  is 
affected  by  the  amplitude  of  the  signal.  Particle  size  is 
inversely  proportional  to  the  frequency  of  vibrations.  Fre- 
quency is  usually  device-specific  and  is  not  user-adjust- 
able. For  example,  the  DeVilbiss  Portasonic  operates  at  a 
frequency  of  2.25  MHz  and  produces  an  MMAD  of  2.5 
jxm,  whereas  the  DeVilbiss  Pulmosonic  operates  at  1.25 
MHz  and  produces  particles  in  the  4-6  /xm  range.  Low 
flow  rates  of  gas  through  the  nebulizer  are  associated  with 
higher  mist  density.  Unlike  jet  nebulizers,  the  temperature 
of  the  solution  placed  in  a  USN  increases  during  use.  As 
the  temperature  increases,  the  drug  concentration  can  also 
rise,  and  some  medications,  especially  proteins,  can  be 
denatured  by  the  operating  temperature  of  an  ultrasonic 
nebulizer.17 

As  a  USN  operates,  the  aerosol  remains  in  the  medica- 
tion cup/chamber  until  a  flow  of  gas  pushes  or  pulls  the 
aerosol  from  the  nebulizer.  Consequently,  if  patient  exha- 
lation is  diverted  away  from  the  medication  chamber,  there 
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is  minimal  waste  to  the  atmosphere,  and  a  much  greater 
amount  of  drug  available  for  inhalation. 

Small-volume  USNs  have  been  credited  with  less  dead 
volume  than  SVNs,  theoretically  reducing  the  need  for  a 
large  quantity  of  diluent  to  assure  delivery  of  drugs,  al- 
though in  recent  testing  in  our  lab,  this  does  not  seem  to  be 
the  case.  The  contained  portable  power  source  provides 
convenience  and  mobility.  USNs  have  been  promoted  for 
administration  of  a  wide  variety  of  formulations,  ranging 
from  bronchodilators  to  anti-inflammatory  agents  and  an- 
tibiotics, but  in  general  have  been  shown  to  be  less  effec- 
tive than  other  delivery  devices.1819 

The  high-density  aerosol  from  USNs  has  been  associ- 
ated with  bronchospasm,  increased  airway  resistance,  and 
irritability  in  a  substantial  portion  of  the  population.20  The 
structure  of  the  medication  may  be  disrupted  by  an  acous- 
tic power  output  rated  >  50  watts/cm-cm.21-22  Several  ven- 
tilator manufacturers  are  promoting  the  use  of  ultrasonic 
nebulizers  for  administration  of  aerosols  during  mechani- 
cal ventilation.  The  advantage  of  the  USN  during  mechan- 
ical ventilation  is  the  absence  of  a  driving  gas  flow  being 
added  to  the  circuit,  changing  ventilator  and  alarm  set- 
tings.23 Disadvantages  may  include  the  weight  of  the  USN 
in  the  ventilator  circuit. 

Pressurized  Metered-Dose  Inhalers 

The  pMDI  is  the  most  commonly  prescribed  method  of 
aerosol  delivery  in  the  world  for  administering  bronchodila- 
tors, anticholinergics,  anti-inflammatory  agents,  and  steroids. 
Although  some  had  believed  that  nebulizers  are  more  effec- 
tive than  pMDIs,  there  is  now  considerable  evidence  that, 
when  properly  used,  pMDIs  are  as  effective  as  other  nebu- 
lizers.24 Because  of  their  relatively  low  cost  per  dose,  porta- 
bility, and  multi-dose  convenience,  pMDIs  have  become  the 
preferred  method  for  delivering  bronchodilators  to  spontane- 
ously breathing  patients  and  intubated,  ventilated  patients.25 

A  pMDI  contains  drug  in  the  form  of  a  micronized  powder 
or  solution  suspended  with  a  mixture  of  propellants  and  a 
surfactant  or  a  dispersal  agent,  packaged  with  a  metering 
valve  in  a  pressurized  canister.  Metering  valve  output  ranges 
from  30  /xL  to  100  /uL,  and  the  doses  are  smaller  (between  20 
jitg  and  5  mg  of  drug  per  actuation)  than  the  doses  delivered 
by  nebulizers.  Dispersing  agents  are  present  in  concentrations 
equal  to  or  greater  than  that  of  the  medication,  and  in  some 
patients  they  may  be  associated  with  coughing  and  wheez- 
ing.26 The  bulk  of  the  spray,  up  to  80%  by  weight,  is  com- 
posed of  a  propellant,  commonly  a  chlorofluorocarbon  (CFC) 
such  as  freon.  Adverse  reactions  to  CFCs  are  extremely  rare. 
Because  of  international  agreements  to  ban  CFCs  (the  Mon- 
treal Protocol),  new  pMDIs  are  in  development  that  use  en- 
vironmentally benign  propellants.  The  best  developed  of  these 
new  propellants  are  the  hydrofluoroalkanes,  such  as  hydroflu- 
oroalkane  133a. 


A  pMDI  canister  contains  a  pressurized  mixture  of  pro- 
pellants, surfactants,  preservatives,  and  sometimes  flavor- 
ing agents,  with  approximately  1%  of  the  total  contents 
being  active  drug.  This  mixture  is  released  from  the  can- 
ister through  a  metering  valve  and  stem  that  fits  into  an 
actuator  boot  designed  and  tested  by  the  manufacturer  to 
work  with  that  specific  formulation.  Small  changes  in  ac- 
tuator design  can  change  the  characteristics  and  output  of 
the  aerosol  from  a  pMDI. 

pMDI  actuation  into  a  valved  holding  chamber  decreases 
impaction  losses  by  reducing  the  velocity  of  the  aerosol 
jet,8  allowing  time  for  evaporation  of  the  propellants  and 
for  the  particles  to  age  prior  to  impacting  on  a  surface.  The 
nominal  dose  of  medication  with  the  pMDI  is  much  smaller 
than  with  the  nebulizer.  The  quantity  of  albuterol  from  a 
pMDI  exiting  the  actuator  nozzle  is  100  ;u.g  with  each 
actuation  or  90  /ug  from  the  opening  of  the  actuator  boot 
(this  is  how  pMDI  aerosol  actuations  are  characterized  in 
the  United  States).  Thus,  a  dose  of  2-4  actuations  (200- 
400  ju.g  nominal  dose)  is  usually  used.  In  ambulatory  pa- 
tients, 10%  deposition  may  deliver  a  dose  of  20-40  /xg  for 
an  effective  bronchodilator  response. 

Technique 

The  ability  of  the  pMDI  to  reliably  deliver  medication  is 
technique-dependent.  The  majority  of  health  professionals 
who  should  be  teaching  pMDI  use  do  not  perform  the 
procedure  properly  (Table  3).27~29  Good  patient  instruction 
can  take  10-30  minutes  and  should  include  demonstra- 
tion, practice,  and  confirmation  of  patient  performance 
(demonstration  placebo  units  are  available  for  this  pur- 
pose). Repeated  instruction  improves  performance.30 


Table  3.      Optimal  Technique  for  Use  of  a  pMDI 
(Bronchodilator  Only) 

Warm  the  pMDI  canister  to  hand  or  body  temperature,  shake 

vigorously. 
Assemble  apparatus,  uncap  mouthpiece,  and  make  sure  there  are  no 

loose  objects  in  the  device. 
Open  mouth  wide,  keep  tongue  from  obstructing  the  mouthpiece. 
Hold  the  pMDI  vertically,  with  the  outlet  aimed  at  mouth. 
Place  canister  outlet  between  lips,  or  position  the  pMDI  about  4  cm 

(two  fingers)  away  from  mouth. 
Breathe  out  normally. 
As  you  begin  to  breathe  in  slowly  (<  0.5  L/s),  actuate  (fire)  the 

pMDI. 
Continue  to  inhale  to  total  lung  capacity. 
Hold  breath  for  up  to  10  seconds. 
Wait  30  seconds  between  inhalations  (actuations). 
Disassemble  apparatus/recap  mouthpiece. 


pMDI  =  pressurized  melered-dose  inhaler. ^"^ 
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Fig.  5.  Comparison  of  albuterol  delivered  (percent  of  label  claim)  from  a  variety  of  metered-dose  inhalers  and  dry  powder  inhalers  when 
actuated  with  inspiratory  flows  of  28.3  L/min  and  60  L/min.  (From  Prime  D,  Grant  AC,  Slater  AL,  Woodhouse  RN.  A  critical  comparison  of 
the  dose  delivery  characteristics  of  four  alternative  inhalation  devices  delivering  salbutamol:  pressurized  metered-dose  inhaler,  Diskus 
inhaler,  Diskhaler  inhaler,  and  Turbuhaler  inhaler.  J  Aerosol  Med  1999:12(2);75-84,  with  permission.) 


Infants,  young  children,  elderly  patients,  and  patients  in 
acute  distress  may  not  be  able  to  use  a  pMDI  effectively. 
A  "cold  freon  effect"  can  occur  when  the  cold  aerosol 
plume  reaches  the  back  of  the  mouth,  causing  the  patient 
to  stop  inhaling. 

Problems  with  home  use  of  pMDI  devices  include  not 
only  poor  technique  of  use  but  also  poor  storage.  The 
pMDI  should  always  be  stored  with  the  cap  on,  both  to 
prevent  foreign  objects  from  entering  the  boot  and  to  re- 
duce humidity  and  microbial  contamination.  pMDIs  should 
always  be  discarded  when  empty,  to  avoid  administering 
propellant  without  medication.  Although  it  has  been  sug- 
gested that  pMDIs  can  be  tested  for  drug  remaining  by 
floating  the  canister  in  water,  this  technique  can  be  diffi- 
cult to  perform  and  interpret,  and  risks  contaminating  the 
device.  It  is  easier  and  more  accurate  for  the  patient  or 
parent  to  note  when  the  medication  was  started,  the  num- 
ber of  doses  to  be  taken  each  day,  and  the  number  of  doses 


in  the  canister,  and  from  this  information  to  calculate  a 
discard  date.  For  example,  if  there  are  200  actuations  in  a 
canister  (and  this  information  is  always  indicated  on  the 
canister  label)  and  4  puffs  are  taken  per  day,  the  canister 
should  be  discarded  50  days  or  7  weeks  after  the  start  date. 
This  discard  date  should  be  written  on  the  canister  label  on 
the  day  the  new  canister  is  started. 

Accessory  Devices 

pMDI  accessory  devices  such  as  flow-triggered  pMDIs. 
spacers,  and  valved  holding  chambers  reduce  hand-breath 
coordination  problems  and  high  oropharyngeal  deposition. 

Flow-Triggered  Pressurized  Metered-Dose  Inhaler 

Flow-triggering  is  a  mechanism  by  which  a  pMDI  is 
actuated  by  the  beginning  of  inspiration.  This  reduces  the 
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need  for  hand-breath  coordination.31  The  only  flow-trig- 
gered pMDI  currently  available  in  the  United  States  is  the 
Autohaler.  When  the  inspiratory  flow  exceeds  30  L/min,  a 
vane  moves,  causing  the  canister  to  be  pressed  into  the 
actuator,  firing  the  pMDI.  Although  pirbuterol  (a  /3  ago- 
nist) is  the  only  medication  currently  available  in  this  de- 
vice in  the  United  States,  other  formulations  are  available 
elsewhere.  With  any  flow-triggered  device,  one  concern  is 
whether  the  patient  is  able  to  create  adequate  inspiratory 
flow  to  trigger  the  device  and  trigger  it  early  enough  in  the 
inspiration  that  the  aerosol  reaches  the  lower  airways.  The- 
oretically, small  children  and  patients  with  acute  exacer- 
bations of  obstructive  lung  disease  might  be  unable  to  use 
the  device  effectively,  but  neither  problem  appears  to  exist 
with  the  Autohaler.31 

Spacers  and  Valved  Holding  Chambers 

Spacers  and  valved  holding  chambers  are  accessory  de- 
vices that,  when  properly  designed,  reduce  oropharyngeal 
deposition  of  drug,  ameliorate  the  bad  taste  of  some  med- 
ications, eliminate  the  cold  freon  effect,  and  in  the  case  of 
valved  holding  chambers  decrease  the  need  for  hand-breath 
coordination.  It  is  important  to  differentiate  spacers  from 
valved  holding  chambers.  A  spacer  device  is  a  simple 
open-ended  tube  or  bag  that,  with  sufficiently  large  device 
volume,  provides  space  for  the  pMDI  plume  to  expand  by 
allowing  the  CFC  propellant  to  evaporate.  To  perform  this 
function,  a  spacer  device  must  have  an  internal  volume  of 
over  100  mL  (up  to  700  mL),  and  provide  a  distance  of 
10-13  cm  between  the  pMDI  nozzle  and  the  first  wall  or 
baffle.  Smaller  inefficient  spacers  can  reduce  respiratory 
dose  by  60%  and  offer  no  protection  against  poor  coordi- 
nation between  actuation  and  breathing  pattern.  Spacers 
with  internal  volumes  >  100  mL  generally  provide  some 
protection  against  early  firing  of  the  pMDI,  although  ex- 
haling immediately  following  the  actuation  clears  most  of 
the  aerosol  from  the  device,  wasting  the  dose. 

In  addition  to  the  plume-expanding  capacity  of  the  spacer, 
the  valved  holding  chamber  incorporates  a  one-way  valve 
that  serves  as  a  baffle  that  impacts  larger  aerosol  particles 
and  diverts  exhaled  gas  to  the  atmosphere  without  clearing 
any  of  the  aerosol  remaining  in  the  chamber.  This  allows 
patients  with  small  tidal  volume  to  empty  the  aerosol  from 
the  chamber  over  the  course  of  5-6  breaths.  A  properly 
designed  mask  incorporated  with  a  valved  holding  cham- 
ber allows  effective  pMDI  use  in  patients  who  cannot  use 
a  mouthpiece  because  of  their  size,  age,  coordination,  or 
mental  status.  With  neonates  and  infants  these  masks  should 
have  minimal  dead  space  and  be  comfortable  to  wear. 

A  valved  holding  chamber  reduces  the  need  to  coordi- 
nate the  breath  with  actuation,  reduces  oral  deposition  (and 
bad  taste)  of  medication,  decreases  aerosol  MMAD,  in- 
creases respirable  particle  mass,  improves  lower  respira- 


tory tract  deposition,  and  significantly  improves  therapeu- 
tic effects.  Using  a  valved  holding  chamber  reduces  the 
taste  of  medication  and  the  cold  freon  effect  that  can  cause 
children  to  stop  inhaling  with  pMDI  actuation.  These  de- 
vices reduce  the  pharyngeal  dose  of  aerosol  from  the  pMDI 
10-15-fold  versus  administration  without  a  holding  cham- 
ber. This  decreases  total  body  dose  from  swallowed  med- 
ication, which  is  an  important  consideration  with  steroid 
administration.32-33 

The  high  percentage  of  oropharyngeal  drug  deposition 
with  steroid  pMDIs  can  increase  the  risk  of  oral  yeast 
infections  (thrush).  Rinsing  the  mouth  after  steroid  admin- 
istration can  reduce  this  problem,  but  most  pMDI  steroid 
aerosol  impaction  occurs  deeper  in  the  pharynx,  which  is  not 
easily  rinsed.  For  this  reason,  steroid  pMDIs  should  always 
be  used  in  combination  with  a  valved  holding  chamber. 

When  properly  used  (Table  4).  pMDIs  with  valved  hold- 
ing chambers  are  at  least  as  reliable  as  SVNs  for  aerosol 
administration  in  a  variety  of  settings.  In  a  number  of 
randomized,  controlled  clinical  trials  in  which  pMDI  with 
holding  chamber  was  compared  to  nebulizer  therapy  in  the 
pediatric  emergency  setting,34"36  patients  receiving  treat- 
ment via  pMDI  with  holding  chamber  or  via  nebulizer 
showed  comparable  improvement  over  baseline  forced  ex- 
piratory volumes  and  peak  flows,  with  no  significant  dif- 
ference between  treatment  groups. 

Does  the  pMDI  with  holding  chamber  offer  a  clinical 
efficacy  advantage  over  a  properly-used  pMDI  alone?  As 
simple  as  the  use  of  the  pMDI,  and  pMDI  with  holding 
chamber  appears  to  the  practitioner,  instruction  with  return 
instruction  appears  to  affect  outcome  with  either  device. 
Cunningham  and  Crain  enrolled  84  emergency  department 
pediatric  patients  suffering  acute  asthma  attacks  to  receive 
inhaled  medication  via  pMDI  either  with  or  without  a 
valved  holding  chamber,  preceded  by  a  single  brief  dem- 
onstration of  the  proper  use  of  a  pMDI  alone  and  a  pMDI 
with  valved  holding  chamber.  The  valved  holding  cham- 
ber group  reported  significantly  faster  resolution  of  wheez- 


Table  4.      Optimal  Technique  for  Using  a  pMDI  with  Valved 
Holding  Chamber 

Warm  pMDI  to  hand  or  body  temperature. 

Assemble  apparatus  and  make  sure  there  are  no  objects  in  device  that 

could  be  aspirated  or  obstruct  outflow. 
Shake  canister  vigorously  and  hold  canister  vertically. 
Place  holding  chamber  in  mouth  (or  place  mask  completely  over  nose 

and  mouth),  encouraging  patient  to  breath  through  mouth. 
Breath  normally  and  actuate  at  the  beginning  of  inspiration.  For  small 

children  and  infants,  continue  to  breathe  through  the  device  for  5  or 

6  breaths.  Larger  breaths  with  breath-holding  may  be  encouraged  in 

those  patients  who  can  cooperate. 
Allow  30  seconds  between  actuations. 


pMDI  =  pressurized  metered-dose  inhaler. 
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ing,  fewer  days  of  cough,  and  fewer  missed  days  of  school 
than  the  group  that  used  pMDIs  without  holding  chambers 
(p  <  0.0 l).37 

Patients  who  cannot  perform  an  optimal  inspiratory  ma- 
neuver using  a  pMDI  are  seldom  able  to  perform  an  op- 
timal maneuver  using  a  nebulizer.  In  either  case,  when 
optimal  breathing  patterns  cannot  be  achieved,  it  is  rea- 
sonable to  assume  aerosol  drug  delivery  will  be  reduced. 
In  such  cases,  an  alternative  to  optimizing  the  inspiratory 
maneuver  is  to  increase  the  nominal  dose,  titrating  to 
achieve  the  desired  clinical  outcome. 

Care  and  Cleaning 

Particles  containing  drug  settle  out  and  deposit  within 
pMDI  spacers  and  holding  chambers,  causing  a  whitish 
build-up  on  the  inner  chamber  walls.  This  residual  drug 
poses  no  risk  to  the  patient,  but  may  be  rinsed  out  peri- 
odically. After  washing  a  chamber  or  spacer  with  tap  wa- 
ter, it  is  less  effective  for  the  next  few  puffs,  until  the  static 
charge  in  the  chamber  (which  attracts  small  particles)  is 
once  again  reduced.  Use  of  regular  dish  soap  reduces  or 
eliminates  this  static  charge. 

Accessory  devices  either  use  the  manufacturer-designed 
boot  that  comes  with  the  pMDI,  or  incorporate  a  "univer- 
sal canister  adapter"  to  fire  the  pMDI  canister.  Different 
formulations  of  pMDI  drugs  operate  at  different  pressures 
and  have  a  different  size  orifice  in  the  boot,  which  is 
specifically  designed  by  the  manufacturer  for  use  exclu- 
sively with  that  pMDI.  Output  characteristics  of  a  pMDI 
will  be  different  when  using  an  adapter  with  a  different 
size  orifice.  Therefore,  spacers  or  holding  chambers  with 
universal  canister  adapters  should  be  avoided  and  only 
those  with  a  universal  boot  adapter  should  be  used. 

Dry  Powder  Inhalers 

As  the  technology  has  evolved,  DPIs  have  gained  a 
greater  share  of  the  inhaled  drug  market,  with  increasing 
patient  acceptance  and  product  visibility  over  the  past  de- 
cade. DPIs  contain  micronized  drug  particles  (<  5  ;u,m 
MMAD),  often  aggregated  with  substantially  larger  carrier 
particles  (eg,  lactose  or  glucose  particles).38  The  carrier 
particles  are  larger  than  the  micronized  drug,  often  greater 
than  30  jitm  in  diameter,  and  aid  the  flow  of  the  drug 
powder  from  the  device  by  decreasing  the  cohesive  forces 
in  the  micronized  drug  powder.  Reducing  these  cohesive 
forces  prevents  the  micronized  particles  from  forming  non- 
respirable  clumps.  These  carriers  also  add  bulk  to  the  pow- 
der when  the  unit  dose  of  a  drug  is  very  small.  The  energy 
provided  by  the  patient's  inhalation  strips  the  drug  parti- 
cles from  the  carrier.  In  most  DPIs,  respirable  particles  of 
the  drug  are  released  with  sufficient  inspiratory  flow  (30- 
120  L/min).'9-40  With  high  inspiratory  flow,  the  larger  car- 


rier particles  impact  in  the  oropharynx  while  the  smaller 
particles  continue  to  the  lower  airways.  This  oropharyn- 
geal impaction  of  carrier  particles  gives  the  patient  the 
sensation  of  having  received  a  dose. 

The  internal  geometry  of  a  DPI  device  influences  the 
resistance  the  device  creates  to  inspiration,  and  the  inspira- 
tory flow  required  to  deaggregate  and  aerosolize  the  med- 
ication. High-resistance  devices  (eg,  Turbuhaler)  require  a 
greater  inspiratory  flow  to  deliver  a  high  percentage  of  the 
nominal  dose.  High-resistance  DPI  provides  better  drug 
delivery  to  the  lower  respiratory  tract  than  pMDIs,41-42  but 
has  not  been  shown  to  provide  better  deposition  or  bron- 
chodilation  than  low-resistance  DPIs.  DPIs  typically  have 
multiple  components  that  require  correct  priming  to  ensure 
proper  dose  delivery.  Maintenance  may  include  periodic 
brushing  to  remove  residual  powder  that  accumulates  within 
some  DPIs. 

Under  optimal  conditions,  most  of  the  drug  particles 
from  a  DPI  are  in  the  respirable  range,  although  the  dis- 
tribution of  particle  sizes  differs  substantially  among 
DPIs.43  High  ambient  humidity  causes  clumping  of  the 
powder,  creating  larger,  less  respirable  particles.44  High 
ambient  humidity  tends  to  increase  aerosol  particle  size 
and  thus  reduces  drug  delivery  to  the  lung.  DPIs  with 
sealed  or  blister  pack  individual  doses  that  are  opened 
immediately  prior  to  inhalation  are  less  subject  to  dose 
reduction  from  humidity. 

Inspiratory  Flow 

DPIs  are  critically  dependent  on  inspiratory  air  flow  to 
generate  the  aerosol.  Thus  they  should  be  used  with  cau- 
tion (if  at  all)  in  the  very  young  or  ill  child,  the  weak,  the 
elderly,  and  those  with  altered  mental  status.  The  magni- 
tude and  duration  of  the  patient's  inspiratory  effort  influ- 
ences aerosol  generation  from  a  DPI.45  Insufficient  or  low 
inspiratory  flow  reduces  the  dose  of  the  drug  emitted  from 
a  DPI46  (Fig.  5). 

Active  DPI  delivery  devices  that  use  either  an  impeller 
or  compressed  gas  propulsion  to  disperse  the  powder  are 
under  development  and  may  provide  a  solution  to  the  flow- 
dependency  of  dose  delivery. 

DPIs  are  not  immune  from  breath  coordination  prob- 
lems. For  most  DPIs,  exhaling  into  the  device  blows  the 
powder  out  of  the  device,  reducing  available  drug  with  the 
next  inhalation,  and  the  humidity  in  the  exhaled  air  re- 
duces aerosol  generation. 

The  technique  of  using  a  DPI  is  different  from  the  tech- 
nique for  a  pMDI.  Although  DPIs  are  easier  to  use  than 
pMDIs,  up  to  25%  of  patients  may  use  DPIs  improperly. 
As  with  pMDIs  and  nebulizers,  patients  need  repeated 
instruction  before  they  can  reliably  master  DPI  technique. 
Since  assessment  is  necessary  to  ensure  that  patients  con- 
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Table  5.      Technique  for  Use  of  Dry  Powder  Inhaler 

Assemble  apparatus. 

Load  dose:  insert  and  open  capsule. 

Exhale  slowly  to  FRC. 

Seal  lips  around  mouthpiece. 

Inhale  rapidly  (>  60  L/min):  breath-hold  not  necessary. 

Repeat  process  until  capsule  is  empty. 

Monitor  for  adverse  reactions. 

Assess  beneficial  effects. 


FRC  =  functional  residual  capacity. 


tinue  to  use  optimal  technique,  it  is  recommended  that 
technique  be  reviewed  with  each  office  or  clinic  visit.47  In 
order  to  train  patients  correctly,  clinicians  must  learn  cor- 
rect DPI  technique  (Table  5). 

Device  Selection  and  Compliance 

With  so  many  devices  to  choose  from,  and  the  range  of 
clinical  outcomes  associated  with  their  use,  it  is  important 
that  the  clinician  make  selections  based  on  comparative 
characteristics  (Table  6).  Other  considerations  include  the 
following. 

Whenever  possible,  patients  should  use  only  one  type  of 
aerosol  generating  device  for  inhalation  therapy.  The  tech- 
nique of  using  each  device  is  different,  and  repeated  in- 
struction is  necessary  to  ensure  that  the  patient  uses  the 
device  appropriately.  Time  is  money,  and  each  additional 
device  requires  more  time  to  teach.  More  importantly,  the 
use  of  different  devices  for  inhalation  can  be  confusing  for 
patients  and  may  decrease  their  compliance  with  therapy. 


At  present,  DPIs  can  be  considered  as  alternatives  to 
pMDIs  for  patients  who  can  generate  inspiratory  flows 
>  30-60  L/min  and  who  are  unable  to  use  pMDIs 
effectively.  DPIs  are  recommended  for  patients  with 
stable  asthma  and  chronic  obstructive  pulmonary  dis- 
ease, but  not  for  patients  with  acute  bronchoconstric- 
tion,  or  children  <  6  years  old.  Therefore,  one  draw- 
back of  DPIs  is  that  they  do  not  substitute  for  pMDIs  in 
all  clinical  situations.  Moreover,  dose  adjustment  may 
be  needed  when  a  drug  is  administered  via  DPI  instead 
of  via  pMDI.  Deciding  on  the  appropriate  dose  of  in- 
haled corticosteroids  may  be  a  particularly  vexing  prob- 
lem, since  it  is  difficult  to  determine  bioequivalence 
with  these  agents.  Further  research  is  needed  to  deter- 
mine equivalent  dosages  when  both  the  drug  and  the 
device  used  for  inhalation  therapy  are  altered. 

To  improve  compliance,  aerosol  therapy  should  be  ad- 
ministered along  with  some  easily  remembered  activity  of 
daily  living.  For  twice  daily  administration,  medications 
can  be  kept  with  the  toothbrush  and  inhaled  just  before 
brushing  teeth.  This  will  also  reduce  aerosol  corticosteroid 
deposition  in  the  oropharynx.  It  is  always  best  to  avoid  the 
regular  use  of  medication  at  school,  because  the  inconve- 
nience can  significantly  reduce  compliance  and  may  be  an 
embarrassment  to  some  children.  However,  the  availabil- 
ity of  rescue  medication  at  school  (or  daycare  or  other 
caretaker's  home)  must  be  assured.  It  helps  to  prepare 
written  guidelines  for  medication  use.  but  these  guidelines 
must  be  distributed  to  all  places  the  child  stays:  home, 
school,  and,  in  the  case  of  divorce  or  separation,  at  the 
residences  of  both  parents. 

It  is  helpful,  at  least  initially,  to  keep  a  diary  of  medi- 
cation use.  Lack  of  response  to  inhaled  asthma  medication 


Table  6.      Comparison  of  Characteristics  to  Guide  Device  Selection 


MDI  with  holding  chamber 


SVN 


DPI 


l/SN 


MDI  alone 


Flow  independent 

Volume  independent 

Coordination  independent 

Low  oral  deposition 

Easy  to  use 

Portable 

Quick  to  administer 

Low  cost 

Low  infection  risk 

Effective  with 

Severe  asthma 

Small  children 

Ventilators 

Unusual  medication 


+  +  + 

+  +  + 
+  +  + 
+  +  + 
+  +  + 
+  +  + 
+  +  + 
+  + 
+  +  + 

+  +  + 
+  +  + 

+  +  +  + 


+  +  + 

- 

+  +  + 

- 

+  +  + 

-- 

+  +  + 

- 

+  +  + 

+ 

+  + 

— 

+  +  + 

+  +  + 

+  + 

+  + 

+ 

+  +  + 

+ 

+  +  + 

+ 

+  +  + 

+ 

+  +  + 

- 

+  + 



+  +  + 



+  +  + 



+  +  + 

+  +  + 

+ 

+ 

+ 

+  +  + 

- 

+  + 

- 

+  + 

-- 

+  +  + 

- 

+  +  + 

— 

+ 

— 

+  =  positive  characteristic. 


:  negative  characteristic.  MDI  =  metered-dose  inhaler.  SVN  =  small -volume  nebulizer.  DPI  =  dry  powder  inhaler.  USN  -  ultrasonic  nebulizer. 
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can  be  related  to  a  number  of  factors,  including  incorrect 
technique  of  inhalation,  inadvertently  inhaling  from  empty 
canisters,  not  taking  preventer  medications  as  prescribed, 
change  in  the  child's  environment,  and  perhaps  to  misdi- 
agnosis. For  example,  a  child  with  an  aspirated  foreign 
body,  gastroesophageal  reflux  disease,  or  psychogenic 
wheeze  will  have  a  poor  response  to  asthma  therapy,  and 
an  infant  with  tracheomalacia  or  bronchopulmonary  dys- 
plasia may  even  become  much  worse  after  inhaling  a  bron- 
chodilator  aerosol  because  of  increased  dynamic  airway 
collapse.48 

Summary 

Therapeutic  aerosols  are  generated  by  pneumatic  jet 
nebulizers,  ultrasonic  nebulizers,  pressurized  metered-dose 
inhalers,  and  dry  powder  inhalers.  Some  of  the  drug  prep- 
arations used  in  these  devices  are  formulated  to  work  with 
specific  devices.  Although  design  improvements  in  aero- 
sol devices  have  led  to  improved  lung  deposition,  decreased 
oropharyngeal  deposition,  decreased  waste  of  drug,  greater 
ease  of  use,  and  lower  environmental  impact,  optimizing 
the  use  of  aerosol  devices  requires  patient  and  caregiver 
instruction,  in  combination  with  proper  device  use  and 
maintenance.  Optimizing  aerosol  delivery  requires  knowl- 
edge of  a  number  of  technical  details,  and  caregivers  should 
stay  abreast  of  the  continuing  advancement  of  technolo- 
gies and  techniques  associated  with  aerosol  delivery,  es- 
pecially in  light  of  emerging  devices  and  formulations. 

REFERENCES 

1.  Hess  D,  Fisher  D,  Williams  P,  Pooler  S,  Kacmarek  RM.  Medication 
nebulizer  performance:  effects  of  diluent  volume,  nebulizer  flow, 
and  nebulizer  brand.  Chest  1996;1 10(2):498-505. 

2.  Hadfield  JW,  Windebank  WJ,  Bateman  JRM.  Is  driving  gas  flow  rate 
clinically  important  for  nebulizer  therapy?  Br  J  Dis  Chest  1986; 
80(l):50-54. 

3.  Douglas  JG,  Leslie  MJ,  Crompton  GK,  Grant  IWB.  A  comparative 
study  of  two  doses  of  salbutomol  nebulized  at  4  and  8  litres  per 
minute  in  patients  with  chronic  asthma.  Br  J  Dis  Chest  1986;80(1): 
55-58. 

4.  Hess  DR,  Acosta  FL,  Ritz  RH,  Kacmarek  RM.  Camargo  CA  Jr.  The 
effect  of  heliox  on  nebulizer  function  using  a  beta-agonist  broncho- 
dilator.  Chest  I999;l  15(1):  184-1 89. 

5.  Fink  J.  Dhand  R,  Fahey  P,  Tobin  MJ.  Heliox  increased  delivery  of 
albuterol  during  mechanical  ventilation:  an  in-vitro  model.  Am  J 
Respir  Crit  Care  Med  I997;I55:A268. 

6.  Malone  RA,  Hollie  MC,  Glynn-Barnhart  A,  Nelson  HS.  Optimal 
duration  of  nebulized  albuterol  therapy.  Chest  1993;  104(4):  1 1 14- 
1118. 

7.  Thomas  SH.  Langford  JA,  George  RD,  Gcddes  DM.  Improving  the 
efficiency  of  drug  administration  with  jet  nebulisers  (letter).  Lancet 
1988;  I  (8577):  126. 

8.  Fink  JB,  Dhand  R.  Aerosol  therapy.  In:  Fink  JB.  Hunt  G.  editors. 
Clinical  practice  in  respiratory  care.  Philadelphia:  Lippincotl  Raven; 
1998. 


9.  The  Nebuliser  Project  Group  of  the  British  Thoracic  Society  Stan- 
dards of  Care  Committee:  Current  best  practice  for  nebuliser  treat- 
ment. Thorax  1997;52(Suppl  2):S4-S16. 

10.  Newnham  DM,  Lipworth  BJ.  Nebulizer  performance,  pharmokinet- 
ics,  airways  and  systemic  effects  of  salbutamol  given  via  a  novel 
nebuliser  delivery  system  ("Ventstream").  Thorax  1994;49(8):762- 
770. 

1 1 .  Standaert  TA,  Morlin  GL,  Williams-Warren  J,  Joy  P,  Pepe  MS, 
Weber  A,  Ramsey  BW.  Effects  of  repetitive  use  and  cleaning  tech- 
niques of  disposable  jet  nebulizers  on  aerosol  generation.  Chest  1998; 
1 14(2):577-586. 

12.  Centers  for  Disease  Control  and  Prevention:  Guidelines  for  preven- 
tion of  nosocomial  pneumonia.  Part  1 .  Issues  on  prevention  of  nos- 
ocomial pneumonia.  1994. 

13.  Oie  S,  Kamiya  A.  Bacterial  contamination  of  aerosol  solutions  con- 
taining antibiotics.  Microbios.  1995;82(331):  109-1 13. 

14.  Lowenthal  D,  Kattan  M.  Facemasks  versus  mouthpieces  for  aerosol 
treatment  of  asthmatic  children.  Pediatric  Pulmonol  1 992;  14(3):  192- 
196. 

15.  Dolovich  MB,  Killian  D,  Wolff  RK,  Obminski  G,  Newhouse  MT. 
Pulmonary  aerosol  deposition  in  chronic  bronchitis:  intermittent  pos- 
itive pressure  breathing  versus  quiet  breathing.  Am  Rev  Respir  Dis 
1977;115(3):397^t02. 

16.  Murakami  G,  Igarashi  T.  Adachi  Y.  Matsuno  M.  Adachi  Y,  Sawai 
M,  et  al.  Measurement  of  bronchial  hyperreactivity  in  infants  and 
preschool  children  using  a  new  method.  Ann  Allergy  1990;64(4): 
383-387 

17.  Phillips  GD,  Millard  FJL.  The  therapeutic  use  of  ultrasonic  nebuliz- 
ers in  acute  asthma.  Respir  Med  1994;88(5):387-389. 

18.  Yuksel  B,  Greenough  A.  Comparison  of  the  effects  on  lung  function 
of  two  methods  of  bronchodilator  administration,  Respir  Med  1994; 
88(3):229-233. 

19.  Nakanishi  AK,  Lamb  BM,  Foster  C.  Rubin  BK.  Ultrasonic  nebuli- 
zation  of  albuterol  is  no  more  effective  than  jet  nebulization  for  the 
treatment  of  acute  asthma  in  children.  Chest  1997;1 1 1(6):  1505-1508. 

20.  Lewis  RA,  Ellis  CJ,  Fleming  JS.  Balachandran  W.  Ultrasonic  and  jet 
nebulizers:  differences  in  the  physical  properties  and  fractional  dep- 
osition on  the  airway  responses  to  nebulized  water  and  saline  aero- 
sols (abstract).  Thorax  1984;39:712. 

21.  Doershuk  CF,  Matthews  LW,  Gillespie  CT,  Lough  MD,  Spector  S. 
Evaluation  of  jet-type  and  ultrasonic  nebulizers  in  mist  tent  therapy 
for  cystic  fibrosis.  Pediatrics  1968;4l(4):723-732. 

22.  Boucher  RM.  Kreuter  J.  The  fundamentals  of  the  ultrasonic  atomi- 
zation  of  medicated  solutions.  Ann  Allergy  1968;26(l  ):59 1-600. 

23.  Thomas  SH,  O'Doherty  MJ,  Page  CJ.  Treacher  DF,  Nunan  TO. 
Delivery  of  ultrasonic  nebulized  aerosols  to  a  lung  model  during 
mechanical  ventilation.  Am  Rev  Respir  Dis  1993:148(4  Pt  1):872- 
877. 

24.  Lin  YZ.  Hsieh  KH.  Metered  dose  inhaler  and  nebulizer  in  acute 
asthma,  Arch  Dis  Child  1995;72:214-218. 

25.  AARC  Clinical  Practice  Guideline.  Selection  of  aerosol  delivery 
device.  American  Association  for  Respiratory  Care.  Respir  Care  1992; 
37(8):89 1-897. 

26.  Newhouse  MT.  Dolovich  M.  Aerosol  therapy  in  children,  basic  mech- 
anisms of  pediatric  respiratory  disease:  cellular  and  integrative.  New 
York:  BC  Decker:  1991. 

27.  Larsen  JS.  Hahn  M.  Ekholm  B.  Wick  KA.  Evaluation  of  conven- 
tional press-and-brcathe  metered-dose  inhaler  technique  in  501  pa- 
tients. J  Asthma  1994;3I(3):193-199. 

28.  Guidry  GG,  Brown  WD.  Stogncr  SW.  George  RB.  Incorrect  use  of 
metered  dose  inhalers  by  medical  personnel.  Chest  1992:101(1  ):31- 
33. 


884 


Respiratory  Care  •  July  2000  Vol  45  No  7 


Aerosol  Device  Selection:  Evidence  to  Practice 


29.  Newman  SP,  Pavia  D,  Clarke  SW.  Simple  instructions  tor  using 
pressurized  aerosol  bronchodilators  J  R  Soc  Med  1980:73(1 1):776— 
779. 

30.  De  Blaquiere  P,  Christensen  DB.  Carter  WB,  Martin  TR.  Use  and 
misuse  of  metered-dose  inhalers  by  patients  with  chronic  lung  dis- 
ease: a  controlled,  randomized  trial  of  two  instruction  methods.  Am 
Rev  Respir  Dis  1989;140(4):910-916. 

3 1 .  Hampson  NB.  Mueller  MP.  Reduction  in  patient  timing  errors  using 
a  breath-activated  metered  dose  inhaler.  Chest  1994;106(2):462-465. 

32.  Salzman  GA.  Pyszczynski  DR.  Oropharyngeal  candidiasis  in  pa- 
tients treated  with  beclomethasone  dipropionate  delivered  by  me- 
tered-dose inhaler  alone  and  with  Aerochamber.  J  Allergy  Clin  Im- 
munol 1 988:8 1(2):424-428. 

33.  Toogood  JH.  Baskerville  J,  Jennings  B.  Lefcoe  NM,  Johansson  SA. 
Use  of  spacers  to  facilitate  inhaled  corticosteroid  treatment  of  asthma. 
Am  Rev  Respir  Dis  1984:129(5):723-729. 

34.  Rubin  BK.  Pressurized  metered-dose  inhalers  and  holding  chambers 
for  inhaled  glucocorticoid  therapy  in  childhood  asthma  (letter).  J 
Allergy  Clin  Immunol  1999;  103(6):  1 224-1 225. 

35.  Closa  RM.  Ceballos  JM.  Gomez-Papi  A,  Galiana  AS.  Gutierrez  C, 
Marti-Henneber  C.  Efficacy  of  bronchodilators  administered  by  nebu- 
lizers versus  spacer  deivces  in  infants  with  acute  wheezing.  Pediatr 
Pulmonol  1998:26(5):344-348. 

36.  Williams  JR.  Bothner  JP,  Swanton  RD.  Delivery  of  albuterol  in  a 
pediatric  emergency  department.  Pediatr  Emerg  Care  1996:12(4): 
263-267. 

37.  Cunningham  SJ.  Crain  EF.  Reduction  of  morbidity  in  asthmatic  chil- 
dren given  a  spacer  device.  Chest  1994;106(3):753-757. 

38.  Ganderton  D.  The  generation  of  respirable  clouds  from  coarse  pow- 
der aggregates.  J  Biopharm  Sci  1992;3:101-105. 


39.  Engel  T.  Heinig  JH.  Madsen  F.  Nikander  K.  Peak  inspiratory  flow 
and  inspiratory  vital  capacity  of  patients  with  asthma  measured  with 
and  without  a  new  dry-powder  inhaler  device  (Turbuhaler).  Eur  Re- 
spir J  1990;3(9):  1037-1041. 

40.  Pederson  S.  Hansen  OR,  Fuglsang  G.  Influence  of  inspiratory  flow 
rate  upon  the  effect  of  a  Turbuhaler.  Arch  Dis  Child  1990:65(3): 
308-310. 

41 .  Thorsson  L,  Edsbacker  S,  Conradson  TB.  Lung  deposition  of  budes- 
onide  from  Turbuhaler  is  twice  that  from  a  pressurized  metered-dose 
inhaler  (pMDI).  Eur  Respir  J  1994;7(10):  1839-1844. 

42.  Svartengren  K.  Lindestad  PA,  Svartengren  M.  Philipson  K.  Bylin  G, 
Camner  P.  Added  external  resistance  reduces  oropharyngeal  depo- 
sition and  increases  lung  deposition  of  aerosol  particles  in  asthmat- 
ics. Am  J  Respir  Crit  Care  Med  1995;152(l):32-37. 

43.  Hill  LS.  Slater  AL.  A  comparison  of  the  performance  of  two  modern 
multidose  dry  powder  asthma  inhalers.  Respir  Med  1998;92(  1 ):  105- 
110. 

44.  Rajkumari  NJ,  Byron  PR.  Dalby  RN.  Testing  of  dry  powder  aerosol 
formulations  in  different  environmental  conditions.  Int  J  Pharm  1995; 
113:123-130. 

45.  Timsina  MP,  Martin  GP,  Van  der  Kolk  H.  Tushulzen  E,  Enthoben  R. 
The  effect  of  inhalation  flow  on  the  performance  of  a  dry  powder 
inhalation  system.  Int  J  Pharm  1992;81:199-203. 

46.  Hindle  M,  Byron  PR.  Dose  emissions  from  marketed  dry  powder 
inhalers.  Int  J  Pharm  1995;116:169-177. 

47.  Kesten  S,  Elias  M,  Cartier  A,  Chapman  KR.  Patient  handling  of  a 
multidose  dry  powder  inhalation  device  for  albuterol.  Chest  1994; 
105(4):  1077-1081. 

48.  Rubin  BK.  Tracheomalacia  as  a  cause  of  respiratory  compromise  in 
infants.  Clin  Pulm  Med  1999:6:195-197. 


Respiratory  Care  •  July  2000  Vol  45  No  7 


885 


Reviews  of  Books  and  Other  Media.  Note  to  publishers:  Send  review  copies  of  books,  films, 
tapes,  and  software  to  Respiratory  Care,  600  Ninth  Avenue,  Suite  702.  Seattle  WA  98104. 


Books,  Films, 
Tapes,  &  Software 


Anticholinergic  Agents  in  the  Upper  and 
Lower  Airways.  Sheldon  L  Spector,  Edi- 
tor. (Lung  Biology  in  Health  and  Disease, 
Volume  1 34,  Claude  Lenfant,  Executive  Ed- 
itor.) New  York/Basel:  Marcel  Dekker. 
1999.  Hardcover,  illustrated,  212  pages, 
$135. 

Anticholinergic  Agents  in  the  Upper 
and  Lower  Airways  is  Volume  134  in  the 
excellent  and  comprehensive  series,  Lung 
Biology  in  Health  and  Disease.  This  212- 
page  multiple-author  (n  =  10)  hardcover 
book  covers  the  pharmacology,  physiology, 
and  clinical  usefulness  of  topical  anticho- 
linergic (antimuscarinic)  agents  in  the  nose 
and  lungs.  Since  there  is  currently  essen- 
tially only  one  topical  pharmacologic  agent 
in  this  category  of  muscarinic  antagonists, 
this  volume  deals  primarily  with  the  drug 
ipratropium  bromide  (Atrovent,  made  by 
Boehringer  Ingelheim). 

The  book  is  divided  into  10  chapters  in  3 
sections.  The  first  section  is  a  basic  science 
section  encompassing  two  chapters:  one  on 
muscarinic  physiology  and  one  on  musca- 
rinic receptors.  These  two  chapters  contain 
(perhaps  necessarily)  substantial  overlap. 
This  is  the  only  major  overlap  between  chap- 
ters in  the  book.  The  basic  physiology,  in- 
cluding muscarinic  receptors,  is  reviewed 
comprehensively  and  in  great  depth. 

The  second  section,  "Applied  Clinical 
Research,"  reviews  the  clinical  value  of  an- 
timuscarinic agents  in  both  nasal  and  air- 
way disease.  The  6  chapters  in  this  section 
include  an  in-depth  review  of  the  broncho- 
dilator  properties  of  anticholinergics,  par- 
ticularly ipratropium  bromide,  followed  by 
chapters  on  the  use  of  ipratropium  in  chronic 
air  flow  limitation  (or  chronic  obstructive 
pulmonary  disease),  acute  severe  asthma, 
perennial  rhinitis,  and  infective  rhinitis  (ie, 
the  common  cold).  Finally,  there  is  a  chap- 
ter on  an  exciting  new  long-acting  anticho- 
linergic agent  called  tiotropium  bromide 
(made  by  Boehringer  Ingelheim).  I  found 
these  6  chapters  to  be  up  to  date  and  a  thor- 
ough comprehensive  review  of  the  place  of 
these  agents  in  current  treatment  guidelines. 
The  conclusions  are  presented  in  a  fair  and 
unbiased  way.  The  chapter  on  infective  rhi- 
nitis by  Dr  Spector  is  particularly  interest- 
ing, presenting  a  detailed  review  of  the 
(somewhat  limited  in  terms  of  efficacy) 


treatment  options  in  the  management  of  the 
common  cold.  This  is  particularly  valuable, 
since  this  extremely  common  affliction  re- 
ceives very  limited  scientific  press. 

The  final  section,  "Topics  of  Special  In- 
terest," includes  two  chapters.  The  first  is  a 
very  entertaining  review  of  the  many  thou- 
sands of  years  of  history  of  the  use  of  an- 
ticholinergic agents,  both  for  their  psycho- 
tropic and  bronchodilator  effects.  The 
second  chapter  is  a  somewhat  theoretical 
approach  to  reviewing  interactions  of  viral 
infections  with  muscarinic  receptors,  in  an 
attempt  to  explain  in  whole  or  in  part  viral- 
induced  exacerbations  of  asthma. 

This  is  an  excellent  reference  book  on 
the  current  state  of  the  art  of  topical  anti- 
cholinergic (antimuscarinic)  agents  in  the 
management  of  rhinitis  and  lower  airway 
disease.  Though  appropriate  for  any  disci- 
pline interested  in  respiratory  health,  I  would 
regard  this  primarily  as  a  reference  text  that 
would  be  of  value  to  physicians.  The  dis- 
eases dealt  with  (eg,  asthma,  chronic  air  flow 
limitation,  rhinitis)  are  common  and  seen 
by  many  medical  specialists.  Practitioners 
in  respiratory  medicine,  allergy,  internal 
medicine,  pediatrics,  and  family  practice 
would  all  find  useful  information  in  reading 
or  referring  to  this  book. 

I  found  all  the  chapters  to  be  comprehen- 
sive, up-to-date  reviews,  with  data  presented 
in  an  accurate,  fair  fashion.  The  chapters  I 
enjoyed  the  most  were  the  one  on  the  com- 
mon cold  and  the  one  on  the  history  of  mus- 
carinic agents,  although  these  are  the  two 
chapters  with  the  most  limited  clinical  rel- 
evance to  current  treatment. 

By  way  of  minor  criticism,  I  think  that 
the  order  of  presentations  could  have  been 
improved.  This  is  a  minor  criticism  in  a 
book  with  only  10  chapters.  It  would  seem 
logical  (to  me)  to  have  introduced  the  topic 
with  the  historical  chapter.  It  would  then  be 
appropriate  to  follow  this  with  the  basic 
physiology.  The  clinical  section  would  more 
logically  flow  if  all  the  chapters  on  lung 
(airway)  disease  were  lumped  together  (ie, 
bronchodilation.  chronic  air  flow  limitation/ 
chronic  obstructive  pulmonary  disease, 
tiotropium  bromide,  asthma,  and  virus/ 
muscarinic  receptors). 

In  summary,  this  is  a  valuable  review 
and  reference  book  on  topical  antimusca- 


rinic pharmacologic  agents  in  the  treatment 
of  upper  and  lower  airways  disease.  It  is  a 
valuable  reference  for  clinicians  dealing  with 
these  common  disorders. 

Donald  W  Cockcroft  MD 

Department  of  Medicine 

Division  of  Respiratory  Medicine 

Royal  University  Hospital 

University  of  Saskatchewan 

Saskatoon,  Saskatchewan,  Canada 

Exercise-Induced  Asthma.  ER  McFadden 
Jr,  Editor.  (Lung  Biology  in  Health  and  Dis- 
ease, Volume  130,  Claude  Lenfant,  Execu- 
tive Editor.)  New  York/Basel:  Marcel  Dek- 
ker. 1999.  Hardcover,  illustrated,  388  pages, 
$175. 

This  is  the  130th  volume  of  the  Lung 
Biology  in  Health  and  Disease  series  under 
the  directorship  of  Dr  Claude  Lenfant  at  the 
National  Heart  Lung  and  Blood  Institute 
of  the  National  Institutes  of  Health.  Dr 
McFadden  has  assembled  an  expert  group 
of  authors  to  write  the  "definitive"  (like  so 
many  of  the  other  volumes  in  this  series) 
text  on  exercise-induced  asthma  (EIA).  The 
intended  audience  is  physicians,  respiratory 
physiologists,  and  therapists  who  care  for 
adults  and  children  with  asthma.  As  Dr  Mc- 
Fadden discusses  in  his  preface,  "Of  all  the 
multiple  triggers  that  induce  acute  asthma, 
exercise  is  the  most  ubiquitous  and  one  of 
the  few  that  have  the  potential  to  trouble  all 
patients  with  asthma  and  to  interfere  with 
their  ability  to  function  in  daily  life."  Like 
many  things  in  medicine,  despite  the  fact 
that  potentially  everyone  with  asthma  can 
exhibit  EIA,  it  goes  unrecognized  too  often, 
and  the  pathogenesis,  until  recently,  has  re- 
mained elusive. 

The  book  opens  with  a  nicely  written 
historical  perspective  of  EIA.  The  second 
chapter  provides  an  in-depth  introduction  to 
the  clinical  and  physiologic  features  of  EIA. 
This  chapter  is  quite  comprehensive  and 
nicely  sets  the  stage  for  many  of  the  subse- 
quent chapters,  which  dissect  the  various 
aspects  of  this  condition  in  detail.  The  fol- 
lowing several  chapters  are  entirely  devoted 
to  the  physiology  and  immunology  involved 
in  the  pathogenesis  of  EIA.  with  chapters 
on  "Respiratory  Heat  Exchange  and  Exer- 
cise-Induced Asthma"  (Chapter  3),  "Airway 
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Drying  and  Exercise-Induced  Asthma" 
(Chapter  4),  "Exercise-Induced  Asthma  as 
a  Vascular  Phenomenon"  (Chapter  5),  "In- 
flammatory Mediators  in  Exercise-In- 
duced Asthma"  (Chapter  6),  and  the  "Role 
of  5-Lipoxygenase  Metabolites  of  Arachi- 
donic  Acid  in  Exercise-Induced  Asthma" 
(Chapter  7). 

The  third  section  addresses  the  clinical 
manifestations,  evaluation,  and  treatment  of 
this  condition,  with  superbly  written  chap- 
ters on  "Exercise  Refractoriness"  (Chapter 
8),  "Late  Reactions  and  Exercise-Induced 
Asthma"  (Chapter  9),  "Exercise,  Hyperven- 
tilation, and  Nonisotonic  Aerosols  in  Exer- 
cise-Induced Asthma"  (Chapter  10),  "Exer- 
cise Testing  in  Adults  and  Children" 
(Chapter  1 1),  "Air  Pollution  and  Exercise- 
Induced  Bronchoconstriction"  (Chapter  12), 
and  "Prevention  and  Treatment  of  Exercise- 
Induced  Asthma"  (Chapter  13).  The  last 
chapter  of  the  book  is  devoted  to  a  discus- 
sion of  experimental  models  of  EIA. 

This  book  is  necessary  for  all  with  an 
interest  in  asthma.  From  a  clinician's  per- 
spective, the  first  and  third  sections  are  more 
than  sufficient  to  gain  a  better  understand- 
ing of  the  clinical  manifestations,  preven- 
tion, and  treatment  of  EIA.  The  middle  chap- 
ters will  be  invaluable  to  respiratory 
physiologists,  respiratory  therapists,  and  re- 
searchers interested  in  the  complexities  in- 
volved in  the  pathogenesis  of  this  condition. 
Important  points  the  book  makes  include 
the  finding  that  all  asthmatics  under  the  right 
circumstances  can  have  EIA.  Of  importance. 
EIA  usually  does  not  occur  during  exercise. 
Rather.  EIA  begins  shortly  after  stopping 
exercise,  with  the  most  pronounced  loss  of 
lung  function  occurring  5-15  minutes  after 
exercise.  The  precise  mechanism  remains 
elusive,  but  EIA  is  thought  to  be  a  "thermal 
phenomenon"  in  which  airway  cooling  and 
rewarming  as  a  consequence  of  exercise  re- 
sults in  bronchial  narrowing. 

An  intriguing  and  little  known  aspect  of 
EIA  is  the  phenomenon  of  exercise  refrac- 
toriness, which  is  the  topic  of  the  chapter  by 
Dr  O'  Byrne,  who  describes  the  long  known 
observation  that,  following  an  episode  of 
EIA,  an  asthmatic  is  less  likely  to  have  an- 
other episode  with  subsequent  exercise  for 
up  to  4  hours.  Some  asthmatics  can  exploit 
this  phenomenon  by  producing  EIA  in  their 
warm-up  prior  to  their  athletic  endeavor. 
Last,  certain  forms  of  exercise  are  more 
likely  to  cause  EIA  than  others.  Even  ac- 
counting for  differences  in  air  temperature 
and  humidity,  swimming  appears  to  be  the 


least  likely  to  induce  EIA,  whereas  running 
is  most  likely  to  induce  it.  Thus,  in  some 
asthmatics  with  EIA  refractory  to  medica- 
tions such  as  inhaled  fi  agonists  or  cromolyn/ 
nedocromil,  a  switch  from  long  distance  run- 
ning to  swimming  may  be  the  best  change 
of  exercise.  This  field  has  come  a  long  way 
in  a  short  period.  Asthmatics  from  a  gener- 
ation ago  were  not  allowed  to  participate  in 
sporting  events.  At  that  time,  we  did  not 
understand  EIA,  nor  did  we  have  an  effec- 
tive treatment.  Today,  even  the  most  se- 
verely asthmatic  person  can  participate  in 
athletic  events. 

Joseph  D  Spahn  MD 

Department  of  Pediatrics 

National  Jewish  Medical  and 

Research  Center 

University  of  Colorado 

Health  Sciences  Center 

Denver.  Colorado 

Oxford  Textbook  of  Critical  Care.  An- 
drew R  Webb,  Marc  J  Shapiro,  Mervyn 
Singer,  and  Peter  M  Suter,  Editors.  Oxford: 
Oxford  University  Press.  1999.  Hardcover, 
1,384  pages  plus  index,  $198.50. 

Like  many  intensivists,  I  have  been 
searching  for  the  perfect  critical  care  refer- 
ence book.  The  textbook  would  need  to  be 
broad  in  its  scope  but  detailed  in  terms  of 
pathophysiology,  therapeutics,  and  practice 
recommendations.  There  are  plenty  of  text- 
books available,  but  they  all  fall  short  of 
providing  thorough  coverage  of  every  topic. 
Frustrated  with  the  shortcomings  of  most 
books,  I  have  largely  turned  to  multiple  spe- 
cialized textbooks  such  as  Martin  Tobin's 
excellent  companion  books  Principles  and 
Practice  of  Mechanical  Ventilation  and 
Principles  and  Practice  of  Intensive  Care 
Monitoring,  Dantzker  and  Scharfs's  Car- 
diopulmonary Critical  Care,  and  Gold- 
frank' s  Toxicologic  Emergencies.  Needless 
to  say,  I  was  not  optimistic  that  the  Oxford 
Textbook  of  Critical  Care  would  be  the 
perfect  critical  care  reference.  However,  this 
textbook  impressed  me.  The  editors  wanted 
to  provide  a  patient-oriented  reference  that 
could  aid  decision-making  at  the  bedside 
and  provide  information  based  on  sound 
pathophysiologic  principles.  Surprisingly, 
they  acknowledged  at  the  outset  that  a  de- 
tailed discussion  of  every  critical  care  topic 
is  an  impossible  task.  Thus,  they  decided  to 
provide  a  broad  list  of  topics  presented  in 
an  efficient  monograph  form.  The  other 
unique  feature  in  this  book  is  that  the  topics 


are  centered  around  specific  problems  or 
symptoms  in  critical  care  rather  than  orga- 
nized by  system.  The  approach  and  ultimate 
result  is  very  refreshing. 

The  book  itself  is  fairly  sturdy,  in  a  gray, 
green,  and  silver  cover.  The  cover  showed 
signs  of  wear  and  tear  quite  quickly,  and  the 
green  dye  would  occasionally  rub  off  on 
my  hands,  but  the  binding  held  well.  The 
print  and  paper  are  of  good  quality  and  du- 
rability. The  best  aesthetic  feature  of  the 
book  is  the  two  attached  ribbons  that  serve 
as  page  markers,  a  standard  in  books  from 
the  Oxford  University  Press.  The  450  inter- 
national authors  are  leaders  in  their  respec- 
tive fields,  and  the  editors  should  be  com- 
mended for  organizing  such  a  diverse  group 
of  writers.  A  thorough  index  makes  looking 
up  subjects  straightforward.  The  book  was 
designed  with  CD-ROM  technology  in 
mind,  and  the  editors  claim  that  the  CD 
version  is  organized  to  allow  efficient 
searching  and  display  of  relevant  material. 

As  mentioned  earlier,  the  organization  is 
quite  unique.  Chapters  are  grouped  by  sys- 
tem (eg,  respiratory)  or  general  problem  (eg, 
nutrition,  poisoning).  The  first  chapter  in 
each  section  is  generally  a  physiology  re- 
view or  overview  chapter,  followed  by  spe- 
cific chapters  that  focus  on  specific  clinical 
problems  or  symptoms  encountered  in  the 
care  of  critically  ill  patients.  For  example, 
the  section  on  the  neurological  system  starts 
with  a  brief  overview  of  normal  physiol- 
ogy. This  is  followed  by  a  chapter  on  the 
unconscious  patient,  which  is  divided  into 
subchapters  covering  pathophysiology, 
causes,  and  management.  The  next  chapter 
deals  with  seizures,  and  others  deal  with 
weakness,  meningitis,  encephalitis,  sleep 
disturbance,  pain,  and  agitation.  The  section 
on  poisoning  starts  with  a  chapter  on  prin- 
ciples of  management,  followed  by  chap- 
ters on  14  common  poisonings  encountered 
in  the  intensive  care  unit.  The  list  of  topics 
covered  is  indeed  extensive  and  complete. 
Every  major  system  is  covered  (respiratory, 
cardiovascular,  gastrointestinal/hepatic,  re- 
nal, neurological,  endocrine/metabolic,  he- 
matological), and  the  problem-oriented  sec- 
tions cover  a  diverse  array  of  topics, 
including  resuscitation,  nutrition,  poisoning, 
trauma/burns,  obstetric,  infection/inflamma- 
tion, perioperative  care,  monitoring,  critical 
care  organization,  pharmacotherapeuties, 
and  therapeutic  equipment/techniques. 

Overall,  the  chapters  are  concise,  well 
organized,  and  well  written.  The  beginning 
of  each  subchapter  contains  a  series  of  help- 
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ful  "key  messages"  that  summarize  the 
points  of  the  chapter.  The  brevity  of  each 
chapter  precludes  a  detailed  discussion  of 
each  topic.  This  is  perfect  when  the  reader 
needs  a  concise  overview  of  a  problem,  but 
falls  short  if  one  needs  an  extensive  expla- 
nation, especially  when  the  topic  is  contro- 
versial or  complicated.  For  example,  the  sec- 
tion on  multi-organ  dysfunction  utilized  only 
two  paragraphs  to  discuss  gut  mucosal  in- 
tegrity and  bacterial  translocation.  The  para- 
graphs are  well  written  and  concise  and  they 
would  be  perfect  for  a  resident  reviewing 
the  topic  before  morning  rounds.  However, 
the  discussion  is  insufficient  for  a  fellow 
trying  to  study  for  the  boards  or  preparing  a 
lecture  on  the  subject.  A  complete  set  of 
references  would  mitigate  this  problem,  but 
unfortunately  the  editors  decided  to  provide 
only  a  few  references  for  each  chapter,  and 
major  points  are  only  occasionally  refer- 
enced. 

The  talent  required  to  write  a  concise 
review  of  a  topic  is  considerable,  and  some 
of  the  sections  fall  short.  For  example,  the 
section  on  nutrition  is  too  brief  to  say  any- 
thing meaningful  and  leaves  the  reader  with- 
out a  clear  understanding  of  the  basis  for 
the  recommended  guidelines.  Other  sec- 
tions, such  as  the  neurologic  and  renal  sec- 
tions, are  very  well  done.  The  respiratory 
section  is  quite  extensive  and  contains  ex- 
cellent discussions  of  atelectasis,  sputum  re- 
tention, hemoptysis,  pneumothorax,  bron- 
chospasm,  and  failure  to  wean.  The  section 
on  the  breathless  patient  was  unique  and 
also  well  presented.  In  many  of  the  sections 
a  few  clinical  case  scenarios  would  be  help- 
ful to  solidify  the  concepts  touched  on  in 
the  chapters.  The  chapters  on  normal  phys- 
iology are  useful  only  as  a  tool  to  familiar- 
ize the  reader  with  a  few  concepts.  The  chap- 
ters are  only  3-10  pages  and  often  contain 
brief  overviews  of  complicated  topics  (eg, 
multiple  inert  gas  elimination  technique  or 
MIGET)  that  would  be  difficult  to  under- 
stand even  if  10  times  the  space  were  used. 
The  editing  is  excellent  and  there  are  very 
few  typographical  errors  or  omissions. 

The  book  really  shines  as  a  tool  to  ad- 
dress specific  problems  encountered  in  the 
intensive  care  unit.  I  could  envision  a  house 
officer  encountering  a  patient  with  oliguria 
and  consulting  the  textbook  or  CD-ROM  to 
get  a  concise  summary  of  the  subject,  the 
approach  to  the  oliguric  patient,  and  various 
diagnostic  and  therapeutic  considerations. 
Similarly,  a  nurse  or  respiratory  therapist 
could  use  the  book  to  review  an  unfamiliar 


topic  encountered  in  the  routine  care  of  a 
critically  ill  patient,  such  as  the  use  of  a 
mixed  venous  saturation.  The  book  cannot 
be  used  to  fully  understand  a  topic,  and  thus 
will  often  require  supplementation  with  orig- 
inal articles  and  more  specialized  texts.  The 
chapters,  however,  can  be  used  as  a  starting 
point  or  as  an  intellectual  aid  in  organizing 
a  topic  before  further  research. 

I  applaud  the  editors  on  their  approach  to 
critical  care,  and  find  the  organization  and 
writing  in  this  textbook  refreshing.  I  would 
recommend  it  as  the  standard  reference  in 
critical  care  libraries  at  teaching  institutions 
and  in  critical  care  nursing  or  respiratory 
therapy  departments.  Primary  care  physi- 
cians, residents,  nurses,  and  respiratory  ther- 
apists would  greatly  benefit  from  its  con- 
cise and  organized  monographs  on  the 
diverse  problems  encountered  in  the  inten- 
sive care  unit.  Intensivists  and  fellows  in 
critical  care  will  want  something  more  de- 
tailed, but  may  want  to  add  this  book  to 
their  personal  library  if  they  don't  have  ac- 
cess to  it  otherwise.  Unfortunately,  if  a  pa- 
tient has  a  problem  that  an  intensivist  is 
actively  managing,  a  more  thorough  knowl- 
edge of  the  subject  is  needed  than  is  pro- 
vided in  this  book.  The  chapters  could  be 
used  by  specialists  as  a  starting  point  for 
research  on  an  unfamiliar  topic.  The  addi- 
tion of  specific  case  scenarios  and  expan- 
sion of  the  references  at  the  end  of  each 
chapter  would  increase  the  utility  of  this 
textbook  and  help  compensate  for  the  brev- 
ity of  many  sections.  Ultimately,  the 
strengths  of  this  textbook  are  also  its  weak- 
nesses. Although  I  will  probably  always  start 
with  the  Oxford  Textbook  of  Critical  Care. 
I  will  continue  to  use  my  specialized  text- 
books to  thoroughly  understand  my  patients' 
problems.  Critical  care  is  an  evolving  and 
expansive  subspecialty  that  involves  treat- 
ing the  sickest  and  most  complicated  pa- 
tients from  medicine,  surgery,  neurology, 
and  other  departments.  It  would  be  foolish 
to  think  that  this  discipline  could  be  fully 
contained  between  only  two  covers.  By  ac- 
knowledging this  and  using  a  fresh,  prob- 
lem-based approach,  the  editors  have  cre- 
ated a  very  useful  reference. 

Benjamin  I  >  Medoff  Ml) 

Pulmonary  and  Critical  Care  Unit 

Department  of  Medicine 

Massachusetts  General  Hospital 

Boston.  Massachusetts 


Atlas  of  Sleep  Medicine  in  Infants  and 
Children.  Stephen  H  Sheldon  DO.  Susan 
Riter  MD,  Mark  Detrojan  R  PSG  T.  Ar- 
monk.  New  York:  Futura  Publishing.  1999. 
Hardcover,  illustrated,  278  pages,  $150. 

This  book  presents  72  segments  of  chil- 
dren's polysomnograms,  with  brief  discus- 
sions of  the  tracings  and,  frequently,  brief 
clinical  presentation  of  the  patients.  The 
book  is  described  "...as  a  beginning.  It  is 
offered  to  assist  practitioners. .  .in  caring  for 
children  who  suffer  during  their  hours  of 
sleep." 

This  book  would  be  most  useful  for  phy- 
sicians and  polysomnography  technologists 
who  already  possess  some  expertise  in  sleep 
medicine.  It  is  divided  into  5  sections: 

I.  Standard  and  Recommended  Record- 
ing Montage 

II.  Pneumography,  Home  Monitoring  and 
Event  Recording 

III.  Recording  Artifacts 

IV.  The  Normal  Polysomnogram  in  In- 
fants and  Children 

V.  The  Abnormal  Polysomnogram  in  In- 
fants and  Children 

The  material  is  well  selected  and  orga- 
nized but  would  be  applicable  to  a  wider 
audience  with  more  detail  and  discussion  of 
the  basics.  A  diagram  showing  electrode 
placement  on  the  head  would  be  helpful 
for  practitioners  who  are  most  familiar 
with  a  simple  respiratory-oriented  montage. 
Figure  1  describes  the  standard  polysomno- 
gram montage,  consisting  of  4  electroen- 
cephalogram leads.  This  is  the  last  time  this 
montage  is  seen  in  the  book:  clearly,  the 
authors  prefer  a  more  detailed  montage. 
Some  discussion  of  the  differences  between 
the  "standard"  and  their  preferred  7-lead 
montage  would  be  helpful,  particularly  de- 
scribing the  relative  merits  and  deficiencies 
of  the  two  choices. 

A  discussion  of  the  different  types  of  sen- 
sors would  be  helpful,  particularly  respiratory 
inductance  plethysmography  versus  strain 
gauges  or  impedance  measurements,  ther- 
mistors versus  measurement  of  exhaled  CO, 
or  pressure  transducers,  and  the  relative  merits 
of  analog  versus  digital  recording. 

The  section  on  pneumography  shows  well 
the  differences  between  pneumography  and 
polysomnography,  and  provides  good  ex- 
amples and  discussion  of  home  event  re- 
cordings. The  case  descriptions  are  well  de- 
tailed. However,  the  authors  should  be 
careful  about  what  is  considered  "patholog- 
ic," since  the  clinical  importance  of  cardio- 
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respiratory  events,  particularly  central  ap- 
neas, is  not  clear. 

The  section  on  artifacts  has  good  exam- 
ples and  discussions  of  electroencephalog- 
raphy and  patient  artifacts.  Artifacts  of  the 
respiratory  sensors,  such  as  respiratory  in- 
ductive plethysmography  belts  sliding  to- 
gether producing  the  illusion  of  synchro- 
nous breathing  during  obstructed  events, 
would  be  helpful. 

The  section  on  normal  polysomnography 
also  shows  good,  detailed  examples.  The 
captions  would  be  more  helpful  if  they  were 
more  specific,  describing  the  finding  exhib- 
ited rather  than  simply  "normal  sleep  in  a 
3-year-old  child." 

The  section  on  abnormal  polysomnogra- 
phy has  an  excellent  presentation  and  dis- 
cussion of  nonrespiratory  sleep  disorders. 
Providing  definitions  of  terms  such  as  "hy- 
persynchronous  theta"  and  "hypsarrhyth- 
mia."  which  might  not  be  familiar  to  those 


with  a  primarily  respiratory  background, 
would  broaden  the  book's  utility.  The  ex- 
amples of  respiratory  disorders  could  have 
been  better  selected  to  represent  conven- 
tion. For  example.  Figure  40  shows  expira- 
tion on  the  ETC02  channel  in  the  down- 
ward direction,  but  expiration  is  more 
commonly  portrayed  in  the  upward  direc- 
tion. There  is  a  persistent  problem  through- 
out these  examples  of  the  phase  of  the  chest 
wall  and  abdomen  signals.  Figure  41 A 
shows  the  chest  wall  and  abdomen  to  be  out 
of  phase,  consistent  with  obstructed  efforts, 
but  the  caption  describes  respirations  as  "reg- 
ular." suggesting  this  may  be  an  artifact. 
Similarly,  in  Figure  42.  which  purports  to 
describe  obstructive  sleep  apnea,  the  chest 
wall  and  abdominal  efforts  are  in  phase. 
Figure  5 1 A  shows  the  chest  wall  and  abdo- 
men to  be  out  of  phase  in  a  child  with  a 
tracheostomy.  If  these  recordings  of  respi- 
ratory effort  truly  depict  what  the  child  was 


doing,  some  comment  in  the  caption  would 
be  warranted.  If  they  represent  (as  I  sus- 
pect) artifact,  better  examples  should  have 
been  selected. 

The  book  is  well  presented  and  easy  to 
read,  and  the  reproduction  of  the  polysom- 
nography tracings  is  excellent.  This  book 
would  be  quite  useful  as  a  reference  for 
those  involved  in  polysomnography  who  al- 
ready have  some  expertise,  particularly  with 
recordings  of  respiratory  events.  A  bit  more 
detail  in  the  discussions  would  make  this 
good  and  useful  volume  superb. 

Lee  J  Brooks  MD 

Department  of  Pediatrics 

Robert  Wood  Johnson  Medical  School 

Pediatric  Pulmonary  Division 

Family  Sleep  Center 

The  Children's  Regional  Hospital 

at  Cooper 

Camden.  New  Jersey 
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RC  Web  Sites 


LifeMasters  Online 

(reviewed  April  6-24,  2000) 

LifeMasters  Online  (http://www. 
lifemastersonline.com)  provides  an  in- 
teresting glimpse  into  a  possible  fu- 
ture health  care  delivery  system.  Pa- 
tients would  monitor  themselves  at 
home  and  upload  data  over  the  Inter- 
net to  a  central  database.  The  database 
would  alert  the  patient  and  appropri- 
ate health  care  provider  of  any  impor- 
tant changes.  Changes  in  treatment 
would  be  discussed  and  implemented 
before  a  condition  worsened  enough 
to  require  an  office  or  urgent-care  visit. 
Patient  training  would  be  customized 
for  the  patient's  condition  and  level  of 
comprehension.  Prevention  would 
help  improve  health  care  utilization. 

LifeMasters  Online  has  this  goal 
squarely  in  sight  and  sets  out  to  pro- 
vide patient  education,  health  manage- 
ment, and  support.  They  succeed,  to  a 
great  extent,  on  all  three.  They  are 
stepping  onto  a  playing  field  where 
the  rules  are  not  yet  solidified;  there- 
fore, there  is  no  real  measure  by  which 
to  determine  their  success. 

Foremost  in  the  discussion  of  any 
online  medical  information  is  the  is- 
sue of  privacy.  The  privacy  policy 
should  be  the  first  stop  on  any  Web 
site.  The  LifeMasters  Online  policy 
states  that  "personal  and  medical  in- 
formation" will  not  be  released  with- 
out consent,  but  it  may  be  released  if 
"required  to  disclose  such  information 
by  law."  They  continue  by  stating  that 
"other  information"  the  patient  sub- 
mits is  nonconfidential  and  may  be 
used  as  they  see  fit.  Users  of  the  site 
should  be  aware  of  this  relatively  open 
policy. 

Much  of  the  material  on  the  Web 
site  is  unavailable  unless  you  register. 
Registration  involves  entering  youre- 
mail  address  and  choosing  a  password. 
Additional  personal  information  can 


then  be  entered,  along  with  insurance 
and  medical  data. 

The  first  section  of  the  Web  site 
provides  patient  education  for  the  fol- 
lowing chronic  diseases:  asthma, 
chronic  obstructive  pulmonary  dis- 
ease, congestive  heart  failure,  coro- 
nary artery  disease,  diabetes,  and  hy- 
pertension. 

Each  of  the  topics  has  enough  in- 
formation for  a  patient  to  understand 
basic  problems  and  treatment.  There 
are  many  links  to  terms  that  may  need 
additional  explanation,  such  as  pursed- 
lip  and  diaphragmatic  breathing.  Each 
topic  also  provides  a  list  of  medica- 
tion classes  used  for  treatment  and  al- 
lows the  patient  to  get  more  detailed 
information  if  they  wish.  For  exam- 
ple, in  the  asthma  section,  bronchodi- 
lators  are  divided  into  quick-relief  and 
long-term  categories.  Quick-relief  is 
further  defined  as  a  j3-2  agonist,  along 
with  common  trade  and  generic  names. 
The  patient  may  read  as  much  or  as 
little  detail  as  he  or  she  desires. 

The  information  provided  is  useful 
as  a  patient  teaching  aid,  although  most 
health  care  providers  already  have  sim- 
ilar written  information  to  give  to  pa- 
tients. The  advantage  with  LifeMas- 
ters Online  is  that  the  patient  can 
"customize"  the  teaching  to  provide 
just  the  information  needed  or  desired. 
One  complaint  is  that  no  source  is 
given  for  the  information.  Though 
most  patients  would  not  look  up  med- 
ical citations,  it  would  be  useful  to 
practitioners  who  are  asked  by  patients 
why  the  Web  site  has  different  infor- 
mation than  what  they  have  been  told 
previously. 

The  second  part  of  the  Web  site  is 
called  Health  Management.  It  starts 
with  a  simple  health  risk  assessment 
that  points  the  patient  to  other  sec- 
tions, as  needed.  Additional  education 
is  provided  for  diet  and  nutrition.  A 
log  can  be  maintained  for  up  to  60 


days  tracking  blood  pressure,  weight, 
smoking,  and  peak  flow.  The  values 
are  automatically  graphed  and  may  be 
printed  out  for  review  with  health  care 
providers.  Blood  pressure  data  are 
checked  to  see  if  values  fall  outside 
the  American  Heart  Association  rec- 
ommendations and  a  red/yellow/green 
zone  is  calculated  for  peak  flow.  A 
preventive  care  plan  can  be  generated 
using  patient-supplied  information. 

In  order  to  test  the  health  manage- 
ment portion,  a  hypothetical  hyperten- 
sive asthmatic  patient  was  created  and 
data  were  entered  over  a  2-week  pe- 
riod. Blood  pressure  information  and 
peak  expiratory  flow  were  entered  over 
the  review  period.  High  blood  pres- 
sure was  correctly  flagged  and  a  no- 
tice was  displayed  for  the  patient. 
There  is  a  slight  bug  in  the  software; 
if  systolic  and  diastolic  pressures  are 
switched  around,  there  is  no  warning. 
Peak  flows  were  entered  that  fell  into 
the  calculated  red  zone  (<  50%  of 
personal  best  peak  expiratory  flow), 
but  no  warning  was  given.  A  medica- 
tion record  keeps  track  of  doses  taken 
and  remaining  in  a  prescription  and 
can  connect  the  patient  to  planetrx. 
com  or  drugstore.com  for  refills. 
There  is  no  indication  of  sponsorship 
or  other  agreement  with  the  latter  two 
retail  services. 

The  preventive  care  plan  suggested 
various  immunizations,  blood  tests, 
and  exams,  calculated  from  the  pa- 
tient data.  There  is  little  consensus  be- 
tween the  health  care  provider  and 
payer  factions  in  this  area;  therefore, 
the  schedule  should  be  discussed  with 
a  physician.  For  example,  the  plan  rec- 
ommends a  purified  protein  derivative 
as  often  as  every  6  months  for  people 
at  risk  for  tuberculosis,  but  makes  no 
mention  of  prostate  screening  or  mam- 
mography. 

The  smoking  cessation  section  had 
a  list  of  quitting  methods  and  a  test  to 
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determine  if  the  patient  was  ready  to 
quit,  but  was  incomplete  at  the  time  of 
the  review. 

The  final  portion  was  Personal  or 
Decision  Support.  This  provides  a 
place  to  record  medical  history  and  a 
health  calendar.  The  information  can 
be  used  during  health  care  visits,  as 
well  as  by  the  patient  to  track  treat- 
ment compliance  or  any  other  aspect. 
In  addition,  a  fee-based  service  is  pro- 
vided that  includes  monitoring  by  a 
registered  nurse  and  regular  telephone 
calls  to  discuss  the  patient's  health. 
The  site  states  that  the  service  may  be 
covered  by  some  health  maintenance 
organizations  or  insurance  plans,  al- 
though no  list  was  found. 

Several  support  areas  allow  setting 
up  e-mail  reminders:  some  useful, 
some  possibly  not.  Getting  a  reminder 
the  day  before  an  appointment  might 
help  jog  the  memory.  Getting  multi- 
ple e-mail  messages  each  day  to  take 
medications  would  require  an  almost 
constant  Internet  connection  and  a 
slavish  attachment  to  the  computer. 
Even  this  reviewer  does  not  spend 
enough  time  online  during  the  day  to 
make  qid  medication  reminders 
timely.  Unfortunately,  none  of  the  test 
e-mail  reminders  were  received  dur- 
ing the  test  period,  despite  receiving 
other  e-mail  from  the  site. 

LifeMasters  Online  provides  ba- 
sic patient  education,  health  manage- 
ment, and  support.  The  pages  were 
free  of  extraneous  graphics  and  loaded 
quickly.  Many  other  sources  are  avail- 
able for  the  same  information  (a  www. 
yahoo.com  search  found  278  site 
matches  on  asthma  instruction).  Var- 
ious monitoring  and  graphing  pro- 
grams are  also  available  for  free  (eg, 
healthmonitorl5.zip)  on  the  Internet. 
The  added  value  of  LifeMasters  On- 
line is  integrating  them  and  providing 
oversight.  Two  studies. ' 2  supported  by 
LifeMasters  Online,  show  health  care 
services  required  by  enrolled  members 
were  reduced  in  a  program  that  in- 
cluded daily  data  entry  and  regular  fol- 
low-up telephone  calls.  Neither  study 
discussed  the  cost  of  the  program. 


Whether  this  model  proves  to  be  an 
efficient  part  of  the  future  health  care 
delivery  system  remains  to  be  seen.  In 
the  meantime,  the  site  can  be  added  to 
the  list  of  useful  patient  resources. 
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Respiratory  Product  News 

(reviewed  April  10-18,  2000) 

One  should  normally  not  judge  a 
book,  or  any  other  medium,  by  its 
cover.  However,  in  the  case  of  Respi- 
ratory Product  News  (http://www. 
rpnmed.com)  announcement  letter  and 
Web  site,  such  a  judgment  would  have 
been  appropriate.  The  e-mail  cover 
message  from  Scott  Adams,  Associ- 
ate Publisher,  sent  to  the  American 
Association  for  Respiratory  Care  in- 
vited the  reader  to  "vist  [sic]  the  site," 
which  contains  "techonolgy  [sic]  fea- 
tures," and  to  leave  ideas  on  how  to 
"imporve  [sic]  the  site."  The  featured 
editorial  reviews  a  video  that  "seg- 
ways  [sic]  into  a  demonstration  of 
bronchoscopy."  One  wonders  if  a 
spelling  checker  should  be  at  the  top 
of  the  list  of  purchases  for  the  fledg- 
ling company. 

Respiratory  Product  News  intro- 
duces itself  with  a  blustery  QuickTime 
movie  in  which  the  narrator  declaims 
"Respiratory  care  is  dynamic  and  di- 
mensional NOW,  so  it  must  be  expe- 
rienced from  electronic  video  net  jour- 
nal." The  narrator  also  gives  a  short 
introduction  to  each  of  the  video  clips 
available  on  the  site.  It  is  quickly  ap- 
parent that  he  has  not  been  involved 


in  health  care  for  long,  or  has  minimal 
medical  training,  from  his  creative 
reading  of  "thoracostomy,  deheesis" 
and  something  called  "media  stenti- 
tis"  as  postoperative  complications 
that  can  be  avoided  by  using  a  new 
device.  His  veracity  is  easily  ques- 
tioned by  about  the  third  voice-over 
he  delivers. 

The  introductory  movie,  which 
takes  about  5  minutes  to  download 
with  a  normal  56  kilobyte  dial-up  con- 
nection, promises  a  "number  of  de- 
partments: sternum  support,  endos- 
copy, monitoring,  ventilation,  and 
other  important  respiratory  topics."  In 
reality,  those  were  the  only  topics, 
along  with  a  nebulizer,  that  had  video 
clips  available.  While  this  reviewer  ad- 
mits to  not  venturing  outside  the  pul- 
monary function  lab  for  a  number  of 
years,  I  believe  this  is  the  first  time 
that  sternum  support  has  topped  any 
list  of  important  respiratory  topics. 

Respiratory  Product  News  offers 
industry  news,  video  clips  from  sev- 
eral manufacturers,  the  ubiquitous  list 
of  links,  and  e-mail  access  to  the  ed- 
itor. The  whole  site  consists  of  about 
4  pages,  excluding  the  usual  legal  no- 
tices and  disclaimers.  Individual  pages 
are  not  dated,  denying  an  easy  way  to 
determine  the  currency  of  the  news.  It 
is  a  recent  addition  to  the  Internet:  the 
domain  was  registered  on  December 
19,  1999. 

During  the  week  ending  April  13th, 
2000,  the  industry  news  consisted  of  8 
items.  Six  were  press  releases,  argu- 
ably related  to  respiratory  care,  gath- 
ered from  one  of  the  online  financial 
news  sources.  The  seventh  was  little 
more  than  an  advertisement  posing  as 
a  new  Web  site  announcement  for  a 
pulmonary  physicians'  group.  The  last 
"news"  item  was  provided  by  Shaklee. 
com.  It  explains  how  global  warming 
is  causing  growing  health  concerns.  A 
link  to  the  Shaklee  Web  site  offered  to 
show  how  changing  your  activities  can 
help  to  reduce  atmospheric  carbon  di- 
oxide. The  reviewer  did  not  check  the 
program,  but  ponders  if  this  means  he 
should  forego  his  daily  exercise  and 
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the  accompanying  increased  produc- 
tion of  C02  as  a  waste  product.  The 
dates  of  the  original  articles  are  not 
included  with  the  synopsis,  requiring 
the  reader  to  open  each  page  to  deter- 
mine how  current  it  is.  No  archive  of 
old  news  items  is  provided.  There  were 
5  similar  items  added  on  April  14th, 
2000. 

Video  clips  can  be  effective  train- 
ing tools,  and  this  site  attempts  to  show 
that  with  selected  parts  taken  from 
manufacturer-supplied  information. 
The  movies  covering  ventilators  and 
ventilatory  modes  offer  very  elemen- 
tary information,  along  with  a  sales 
pitch.  Downloading  a  7  megabyte  file 
about  a  ventilator  took  about  15  min- 
utes and  resulted  in  the  viewer  learn- 
ing little  more  than  the  5  different 
modes  of  ventilation  it  offered.  On  the 
other  hand,  a  short  advertisement  for 
a  video-bronchoscope  provided  very 
good  images  obtained  during  bron- 
choscopy and  pointed  out  interesting 
anatomical  variants  found  in  the  pa- 
tient being  studied.  Respiratory 
Product  News  takes  credit  for  editing 
most  of  the  clips  to  provide  "interest- 
ing excerpts."  The  results  did  not  seem 
particularly  well  done;  the  DHD 
Healthcare  Thera-PEP  clip  ends  mid- 
sentence.  The  listings  on  the  video 
page  provided  no  indication  of  file  size 
or  estimated  download  time.  This  is 


an  unfortunate  oversight,  since  sev- 
eral files  were  large  and  would  take 
substantial  time  to  download. 

Link  lists  seem  to  be  a  requirement 
of  all  Web  sites,  and  Respiratory 
Product  News  is  no  exception.  They 
offer  an  extensive,  somewhat  orga- 
nized list  that  spreads  over  many 
screens.  When  you  click  on  a  link, 
Respiratory  Product  News  opens  it 
within  the  Respiratory  Product  News 
frame  rather  than  opening  a  new  win- 
dow to  the  linked  site.  This  makes  it 
impossible  for  the  reader  to  automat- 
ically bookmark  pages  of  interest.  In 
addition,  there  are  again  numerous 
misspellings  (eg,  "Americain", 
"Terxas")  and  confusing,  inconsistent 
use  of  upper  case  and  lower  case  let- 
ters in  uniform  resource  locators, 
which  are  essentially  case-insensitive. 

Online  publishing  differs  from  other 
traditional  media  in  one  important  as- 
pect: statement  of  ownership.  Though 
each  page  at  Respiratory  Product 
News  is  copyrighted  by  Goldstein  and 
Associates,  there  is  no  method  of  deter- 
mining whether  they  are  funded  by 
vested  interests  or  independent  of  exter- 
nal influence.  More  mainstream  com- 
panies provide  this  information  on  their 
Web  sites. 

Another  difficulty  in  reviewing  on- 
line sources  has  to  do  with  immedi- 
acy. Because  of  the  rapid  changes  com- 


mon at  Web  sites,  any  review  must  be 
considered  in  the  time  frame  over 
which  it  was  done.  Unlike  a  book,  elec- 
tronic information  can  be,  and  usually 
is,  altered  after  publication.  This  site 
was  reviewed  April  10-18,  2000.  An 
off-line  archive  was  made  for  refer- 
ence at  that  time,  but  the  site  may  have 
made  substantial  changes  between  its 
review  date  and  the  date  of  this  pub- 
lication. 

Respiratory  Product  News  gives 
the  impression  of  a  draft  copy  of  the 
first  few  chapters  of  a  book.  It  may  be 
adequate  for  showing  someone  the  po- 
tential scope,  but  it  is  far  from  a  com- 
plete product.  It  presents  random  bits 
of  information  that  are  already  avail- 
able in  a  timely  manner  in  weekly  and 
monthly  printed  sources.  There  is  no 
compelling  reason  to  return  to  the  site 
(commonly  referred  to  in  Internet 
terms  as  "magnetism")  and  therefore 
very  little  potential  to  draw  sponsors 
or  advertisers  to  provide  funding  and 
the  ability  to  keep  it  up  to  date.  It 
provides  a  good  example  of  what  may 
happen  by  rushing  an  idea  to  the  pub- 
lic in  the  imaginary  race  to  be  first. 

Steven  B  Nelson  MS  RRT 

Overland  Park,  Kansas 

Mayo  Pulmonary  Services 

Rochester,  Minnesota 
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New  Products 
&  Services 


Infusion/Blood  Warmer.  Futuremed  in- 
troduces its  new  Animec  Infusion 
Warmer  (Models  AM  124  &  AM  125). 
According  to  the  company,  the  Animec 
provides  a  convenient  and  safe  way  to 
protect  patients  from  hypothermia  and  de- 
creased oxygen  availability.  Futuremed 
describes  the  device  as  an  electrically 
powered  dry  warmer  that  supplies  heat  to 
the  infusion  set  tubing  requiring  only  2  to 
3  minutes  to  warm  up.  Press  materials  say 
the  warmer  is  designed  for  flow  rates  of 
3-12  mL/min  and  that  they  can  be  used 
with  standard  hospital  I.V.  tubes  of  4  mm 
(AM  124)  and  5  mm  (AM  125). 
Futuremed  says  the  device  is  ideally  suit- 
ed for  pediatrics,  plastic  surgery,  recovery 
room,  and  other  applications  where  low 
flow  rates  are  applied.  For  more  informa- 
tion from  Futuremed,  circle  number  161 
on  the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via 
"Advertisers  Online"  at  http://www.aarc. 
org/buyers_guide/ 

EEG  and  PSG  Recording  System.  The 

Grass-Telefactor  Product  Group  of  Astro- 
Med  Inc  has  introduced  its  latest  advance- 
ment in  ambulatory  EEG  and  PSG 
recording.  Called  H20™  (Home  to 
Office),  this  new  product  has  been  de- 
scribed by  the  company  as  a  device  ideal 
on  its  own  for  performing  EEG  and  PSG 
recording  in  or  out  of  the  lab.  and  is  per- 
fect for  the  input  to  lab-based  EEG/PSG 
consoles.  Astro-Med  says  this  device  can 
acquire  32  channels  plus  oximetry  and  is 
designed  to  allow  easy  addition  of  redun- 


dant electrodes  for  backup  in  the  unat- 
tended out-of-lab  environment  (all 
recorded  information  is  stored  continu- 
ously on  an  internal  6-gigabyte  hard 
drive).  For  more  information  from  the 
Grass-Telefactor  Product  Group  of  Astro- 
Med,  circle  number  1 62  on  the  reader  ser- 
vice card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers 
Online"  at  http://www.aarc.org/ 
buyers_guide/ 


Surgical  Glove.  Maxxim  Medical  has  re- 
cently released  its  SensiCare™  Synthetic 
Powder  Free  Surgical  Gloves.  According 
to  company  press  materials,  these  new 
gloves  are  the  first  made  with  Isolex™,  a 
polyisoprene  polymer  with  the  same 
molecular  structure  as  natural  latex  rub- 
ber. Maxxim  says  company  product  tests 
found  that  the  gloves  outperformed  all 
other  synthetic  surgical  glove  materials 
and  that  the  glove's  latex-like  composi- 
tion provides  strength  and  elasticity  with- 
out introducing  the  potential  hazards  of 
latex  protein  allergy.  For  more  informa- 
tion from  Maxxim  Medical,  circle  num- 
ber 163  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


Online  Ancillary  Link  System.  Achieve 
Healthcare  Information  Systems  intro- 
duces the  Achieve  PathLinks®  Ancillary 
Link™  application.  The  company  says 
this  new  system  is  designed  to  connect 
the  care  center  to  its  various  ancillary 
vendors.  Achieve  also  says  the  system 
provides  electronic  access  to  vendors 
such  as  pharmacy,  lab,  and  therapy  and 
that  it  functions  as  an  extension  of  the 
care  center's  information  system — work- 
ing with  admissions,  clinical,  and  finan- 
cial applications.  For  more  information 
from  Achieve  Healthcare  Information 
Systems,  circle  number  164  on  the  reader 
service  card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers 
Online"  at  http://www.aarc.org/ 
buyers_guide/ 
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the  accompanying  increased  produc- 
tion of  C02  as  a  waste  product.  The 
dates  of  the  original  articles  are  not 
included  with  the  synopsis,  requiring 
the  reader  to  open  each  page  to  deter- 
mine how  current  it  is.  No  archive  of 
old  news  items  is  provided.  There  were 
5  similar  items  added  on  April  14th, 
2000. 

Video  clips  can  be  effective  train- 
ing tools,  and  this  site  attempts  to  show 
that  with  selected  parts  taken  from 
manufacturer-supplied  information. 
The  movies  covering  ventilators  and 
ventilatory  modes  offer  very  elemen- 
tary information,  along  with  a  sales 
pitch.  Downloading  a  7  megabyte  file 
about  a  ventilator  took  about  15  min- 
utes and  resulted  in  the  viewer  learn- 
ing little  more  than  the  5  different 
modes  of  ventilation  it  offered.  On  the 
other  hand,  a  short  advertisement  for 
a  video-bronchoscope  provided  very 
good  images  obtained  during  bron- 
choscopy and  pointed  out  interesting 
anatomical  variants  found  in  the  pa- 
tient being  studied.  Respiratory 
Product  News  takes  credit  for  editing 
most  of  the  clips  to  provide  "interest- 
ing excerpts."  The  results  did  not  seem 
particularly  well  done;  the  DHD 
Healthcare  Thera-PEP  clip  ends  mid- 
sentence.  The  listings  on  the  video 
page  provided  no  indication  of  file  size 
or  estimated  download  time.  This  is 


an  unfortunate  oversight,  since  sev- 
eral files  were  large  and  would  take 
substantial  time  to  download. 

Link  lists  seem  to  be  a  requirement 
of  all  Web  sites,  and  Respiratory 
Product  News  is  no  exception.  They 
offer  an  extensive,  somewhat  orga- 
nized list  that  spreads  over  many 
screens.  When  you  click  on  a  link. 
Respiratory  Product  News  opens  it 
within  the  Respiratory  Product  News 
frame  rather  than  opening  a  new  win- 
dow to  the  linked  site.  This  makes  it 
impossible  for  the  reader  to  automat- 
ically bookmark  pages  of  interest.  In 
addition,  there  are  again  numerous 
misspellings  (eg,  "Americain", 
"Terxas")  and  confusing,  inconsistent 
use  of  upper  case  and  lower  case  let- 
ters in  uniform  resource  locators, 
which  are  essentially  case-insensitive. 

Online  publishing  differs  from  other 
traditional  media  in  one  important  as- 
pect: statement  of  ownership.  Though 
each  page  at  Respiratory  Product 
News  is  copyrighted  by  Goldstein  and 
Associates,  there  is  no  method  of  deter- 
mining whether  they  are  funded  by 
vested  interests  or  independent  of  exter- 
nal influence.  More  mainstream  com- 
panies provide  this  information  on  their 
Web  sites. 

Another  difficulty  in  reviewing  on- 
line sources  has  to  do  with  immedi- 
acy. Because  of  the  rapid  changes  com- 


mon at  Web  sites,  any  review  must  be 
considered  in  the  time  frame  over 
which  it  was  done.  Unlike  a  book,  elec- 
tronic information  can  be.  and  usually 
is,  altered  after  publication.  This  site 
was  reviewed  April  10-18,  2000.  An 
off-line  archive  was  made  for  refer- 
ence at  that  time,  but  the  site  may  have 
made  substantial  changes  between  its 
review  date  and  the  date  of  this  pub- 
lication. 

Respiratory  Product  News  gives 
the  impression  of  a  draft  copy  of  the 
first  few  chapters  of  a  book.  It  may  be 
adequate  for  showing  someone  the  po- 
tential scope,  but  it  is  far  from  a  com- 
plete product.  It  presents  random  bits 
of  information  that  are  already  avail- 
able in  a  timely  manner  in  weekly  and 
monthly  printed  sources.  There  is  no 
compelling  reason  to  return  to  the  site 
(commonly  referred  to  in  Internet 
terms  as  "magnetism")  and  therefore 
very  little  potential  to  draw  sponsors 
or  advertisers  to  provide  funding  and 
the  ability  to  keep  it  up  to  date.  It 
provides  a  good  example  of  what  may 
happen  by  rushing  an  idea  to  the  pub- 
lic in  the  imaginary  race  to  be  first. 

Steven  B  Nelson  MS  RRT 

Overland  Park.  Kansas 

Mayo  Pulmonary  Services 

Rochester,  Minnesota 
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New  Products 
&  Services 


Infusion/Blood  Warmer.  Futuremed  in- 
troduces its  new  Animec  Infusion 
Warmer  (Models  AM  124  &  AM  125). 
According  to  the  company,  the  Animec 
provides  a  convenient  and  safe  way  to 
protect  patients  from  hypothermia  and  de- 
creased oxygen  availability.  Futuremed 
describes  the  device  as  an  electrically 
powered  dry  warmer  that  supplies  heat  to 
the  infusion  set  tubing  requiring  only  2  to 
3  minutes  to  warm  up.  Press  materials  say 
the  warmer  is  designed  for  flow  rates  of 
3-12  mL/min  and  that  they  can  be  used 
with  standard  hospital  I.V.  tubes  of  4  mm 
(AM  124)  and  5  mm  (AM  125). 
Futuremed  says  the  device  is  ideally  suit- 
ed for  pediatrics,  plastic  surgery,  recovery 
room,  and  other  applications  where  low 
flow  rates  are  applied.  For  more  informa- 
tion from  Futuremed,  circle  number  161 
on  the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via 
"Advertisers  Online"  at  http://www.aarc. 
org/buyers_guide/ 

EEG  and  PSG  Recording  System.  The 

Grass-Telefactor  Product  Group  of  Astro- 
Med  Inc  has  introduced  its  latest  advance- 
ment in  ambulatory  EEG  and  PSG 
recording.  Called  FhO™  (Home  to 
Office),  this  new  product  has  been  de- 
scribed by  the  company  as  a  device  ideal 
on  its  own  for  performing  EEG  and  PSG 
recording  in  or  out  of  the  lab,  and  is  per- 
fect for  the  input  to  lab-based  EEG/PSG 
consoles.  Astro-Med  says  this  device  can 
acquire  32  channels  plus  oximetry  and  is 
designed  to  allow  easy  addition  of  redun- 


dant electrodes  for  backup  in  the  unat- 
tended out-of-lab  environment  (all 
recorded  information  is  stored  continu- 
ously on  an  internal  6-gigabyte  hard 
drive).  For  more  information  from  the 
Grass-Telefactor  Product  Group  of  Astro- 
Med,  circle  number  162  on  the  reader  ser- 
vice card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers 
Online"  at  http://www.aarc.org/ 
buyers_guide/ 


Surgical  Glove.  Maxxim  Medical  has  re- 
cently released  its  SensiCare™  Synthetic 
Powder  Free  Surgical  Gloves.  According 
to  company  press  materials,  these  new 
gloves  are  the  first  made  with  Isolex™,  a 
polyisoprene  polymer  with  the  same 
molecular  structure  as  natural  latex  rub- 
ber. Maxxim  says  company  product  tests 
found  that  the  gloves  outperformed  all 
other  synthetic  surgical  glove  materials 
and  that  the  glove's  latex-like  composi- 
tion provides  strength  and  elasticity  with- 
out introducing  the  potential  hazards  of 
latex  protein  allergy.  For  more  informa- 
tion from  Maxxim  Medical,  circle  num- 
ber 163  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


Online  Ancillary  Link  System.  Achieve 
Healthcare  Information  Systems  intro- 
duces the  Achieve  PathLinks®  Ancillary 
Link™  application.  The  company  says 
this  new  system  is  designed  to  connect 
the  care  center  to  its  various  ancillary 
vendors.  Achieve  also  says  the  system 
provides  electronic  access  to  vendors 
such  as  pharmacy,  lab,  and  therapy  and 
that  it  functions  as  an  extension  of  the 
care  center's  information  system — work- 
ing with  admissions,  clinical,  and  finan- 
cial applications.  For  more  information 
from  Achieve  Healthcare  Information 
Systems,  circle  number  164  on  the  reader 
service  card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers 
Online"  at  http://www.aarc.org/ 
buyers_guide/ 
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Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available 

basis,  in  Calendar  of  Events  in  RESPIRATORY  CARE.  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require 

an  insertion  order.  Deadline  is  the  20th  of  the  month  two  months  preceding  the  month  in  which  you  wish  the  ad  to  run. 

Submit  copy  and  insertion  orders  to  Calendar  of  Events,  RESPIRATORY  CARE.  1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

August  3 — Cleveland,  Ohio 

The  OSRC  Critical  Care  Conference 
will  be  held  at  the  Holiday  Inn 
Rockside  Road  in  Independence.  This 
one-day  conference  will  include 
presentations  on  sedation  in  the  ICU, 
ARDS,  weaning,  transport  of  the 
critically  ill,  trauma  in  the  ER,  and 
inhalation  injuries.  An  exhibit  hall 
with  more  than  20  sponsors  will  be 
open,  and  six  CRCEs  are  available. 
Contact:  Nancy  Johnson  at  (330)  929- 
7 1 66  or  abbyru@aol.com. 

September  14-15-Pittsburgh, 
Pennsylvania 

The  PSRC  Western  Regional  Pulmonary 
Conference  will  be  held  in  conjunction 
with  The  Greater  Pittsburgh  Sleep 
Professionals  at  the  Sheraton  Station 
Square.  The  conference  features 
education  presentations  on  management, 
critical  care,  sleep  diagnostics,  pulmonary 
rehabilitation,  the  physician  forum,  and 
the  GPSP  sleep  tract.  Contact:  Debbie 
Logan  at  (800)  545-4663,  ext  1 12. 

September  20-22 — Rochester, 

Minnesota 

The  Minnesota  Society  for  Respiratory 
Care  host  their  3 1  st  Annual  Fall  State 
Conference  —  'Too  Hot  to  Handle." 
Contact:  For  more  information,  contact 
Laurie  Tomaszewski  at  (65 1 )  232- 1 922, 
Carolyn  Dunow  at  dunowc® 
fhpcare.com,  or  Carl  Mottram  at 
mottram.carl@mayo.edu. 

September  27-29 — Hot  Springs,  Arkansas 

The  ASRC  will  hold  its  29th  Annual 
State  Meeting  and  Education  Seminar 
at  the  Austin  Hotel  and  Hot  Springs 
Convention  Center.  Speakers  include 
AARC  President  Garry  Kauffman, 
Vijay  Deshpande,  Dr  Mark  Heulitt, 
Dr  Teofilo  Lee-Choing,  Harold  Davis, 
Jeff  Standridge,  Lela  Parish-Cooper, 
Shelley  Dedman,  James  Lisenbey,  John 
Campbell,  and  Theresa  Gramlich. 
Topics  will  include  ventilation  in  Y2K, 
home  health,  pulmonary  medicine, 
asthma,  and  patient/practitioner  rights. 
National  vendors  will  present  an 
exhibit  of  the  latest  technology. 
Contact  John  W  Lindsey  at  (870)  541- 
7606  orjlindsey@ahecpb.uams.edu. 
Or  visit  www.arksrc.org. 

October  6 — Cincinnati,  Ohio 
The  AARC  is  presenting  three 


postgraduate  courses  immediately  prior  to 
the  annual  Congress.  "Mechanical 
Ventilation"  will  include  lung  injury, 
managing  airway  obstruction,  weaning, 
closed  loop/dual  control  modes,  and 
noninvasive  ventilation.  "Making 
Protocols  Work  in  Your  Institution"  will 
cover  rationale,  legal  aspects,  and  use  in 
the  ICU.  "Developing  and  Enhancing 
Pulmonary  Rehabilitation  Services" 
addresses  staffing,  patient  screening, 
reimbursement,  and  marketing.  All 
courses  are  approved  for  continuing 
education  credits,  and  attendance  space  is 
limited.  Contact:  For  more  information, 
see  the  Congress  Program  in  the  AARC 
Times  July  issue  or  call  (972)  243-2272. 

October  11-13-Bossier  City, 
Louisiana 

The  LSRC's  second  annual  Fall 
Convention  will  be  held  at  the  Isle  of 
Capri  Hotel  and  Casino  with  numerous 
national  speakers  and  exhibitors.  Ten 
CEUs  will  be  available.  Contact:  For 
more  information  or  booth  reservations, 
call  Shonda  Houston  at  (318)  226-0555 
or  e-mail  sparta@lsumc.edu. 

November  10—12 — Ithaca,  New  York 

The  NYSSRC  and  the  ALACNY  will  host 
the  Northeast  Pulmonary  Teaching 
Conference  at  Cornell  University.  Faculty 
includes  Jim  Fink.  Dean  Hess,  Bob 
Kacmarek,  Neil  Maclntyre,  David  Pierson, 
and  more.  Sessions  examine  acute  and 
subacute  respiratory  care,  RT  management, 
NTPPV,  pediatrics,  and  asthma.  Exhibits, 
job  fair,  and  family-friendly  activities. 
Contact:  For  more  information,  call 
Patricia  Kuhl  at  (3 1 5)  422-6142  or  visit 
www.nepulmonaryconf.com. 

Other  Meetings 

August  13-18 — Hobertus,  Wisconsin 

The  American  Lung  Association  of 
Metropolitan  Chicago  is  looking  for  a 
volunteer  RT  with  a  special  interest  in 
respiratory  care  for  children.  The  RT 
will  volunteer  their  time  and  provide 
structured  asthma  education  one  hour  a 
day  to  children  at  the  1 8th  annual 
CampACTION  at  YMCA  Camp 
Minikani.  The  RT  will  also  provide 
individual  education  in  the  cabins.  Up 
to  eight  CEU  credits  are  available. 
CampACTION  is  staffed  24  hours  a 
day  by  physicians,  nurses,  an  RT,  and 
a  pharmacist.  Contact:  If  interested, 
call  Evet  Hexamer  at  (312)  243-2000, 
ext  260. 


August  18-19-Tampa,  Florida 

The  Alliance  for  Cardiovascular 
Professionals  (ACP)  and  TechEd 
Consultants  are  sponsoring  a  spirometry 
course  at  the  Saddlebrook  Resort  in 
conjunction  with  the  ACP  annual 
meeting.  Tuition  will  be  discounted  for 
ACP  and  FSRC  members.  Contact:  Call 
ACP  at  (540)  370-0102  or  TechEd  at 
(517)676-7018. 

September  26-29— TechShop  2000 

If  you  are  a  polysomnographic 
technician  seeking  to  enhance  your 
professional  skills,  you  need 
information  about  TechShop  2000. 
TechShop  2000  is  a  four-day 
introductory  to  intermediate  level, 
hands-on,  intensive  training  for 
polysomnographic  technicians  that 
covers  patient  preparation,  set-up, 
scoring,  troubleshooting,  artifact 
recognition,  and  much  more. 
Beginning  Tuesday,  Sept  26,  and 
ending  with  Keynote  Symposium  Sept 
29,  TechShop  2000  is  taught  at  one  of 
the  world's  premier  sleep  disorders 
centers,  Ohio  Sleep  Medicine  Institute, 
under  the  medical  direction  of  board- 
certified  sleep  specialist  Dr  Helmut 
Schmidt.  For  a  detailed  course  outline, 
contact  Crystal  or  Brian  at  (614)  792- 
7632  or  e-mail  sleepohio@aol.com. 

Practical  Spirometry  Certification 
Course 

Two-day  hands-on  NIOSH-approved 
course  presented  by  Mayo  Pulmonary 
Services:  Sept  29-30  in  Chicago  IL; 
and  Nov  9-10  in  Rochester  MN. 
NIOSH  approval  #57.  Approved  by 
AAOHN  for  15.6  contact  hours. 
Contact:  For  further  details,  call  (800) 
533-1653. 

March  21-24,  2001— Big  Sky, 

Montana 

The  American  Lung  Association  of  the 
Northern  Rockies  will  host  their  20th 
annual  Big  Sky  Pulmonary  &  Critical 
Care  Medicine  Conference  at  the  Big 
Sky  Ski  Resort.  This  multidisciplinary 
review  and  update  for  all  health 
professionals  interested  in  pulmonary 
and  critical  care  medicine  will  offer  15 
hours  of  CME  credit.  Contact:  For 
more  information,  call  (406)  442-6556 
ore-mail  alamtwy@aol.com. 
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JJ. 


&JJ 


j 


Please  read  the  eligibility  requirements  for  each  of  the  classifications  in  the 
right-hand  column,  then  complete  the  applicable  section.  All  information 
requested  below  must  be  provided,  except  where  indicated  as  optional. 
See  other  side  for  more  information  and  fee  schedule.  Please  sign  and  date 
application  on  reverse  side  and  type  or  print  clearly.  Processing  of  applica- 
tion takes  approximately  15  days. 


□  Active 

Associate 

H  Foreign 

□  Physician 

□  Industrial 

□  Special 

□  Student 

Inst  Nome 

First  Name 

Social  Security  No. 

Home  Address 

City 

State                                       Zip                                             — 

Phone  No.  (                    ) 

Primary  Job  Responsibility  {check  one 

only) 

□  Technical  Director 

~  Assistant  Technical  Director 

Z  Pulmonary  Function  Specialist 

□   Instructor/Educator 

□  Supervisor 

□  Staff  Therapist 

□  Staff  Technician 

□  Rehabilitation/Home  Care 

□  Medical  Director 

□  Sales 

□  Student 

□  Other,  specify 

Type  of  Business 

D  Hospital 

Z   Skilled  Nursing  Facility 

□  DME/HME 

□  Home  Health  Agency 
~  Educational  Institution 

□  Manufacturer  or  supplier 

□  Other,  specify 


Date  of  Birth  (optional) 


Sex  (optional) . 


U.S.  Citizen? 


Yes 


No 


Have  you  ever  been  a  member  of  the  AARC? 

If  so,  when?  From to  _ 


4f 


Preferred  mailing  address:    D  Home    □  Business 


For  office  use  only 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U.S.  or  its  territories  or  was  an  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  following  criteria:  (1 )  is 
legally  credentialed  as  a  respiratory  care  professional  if  employed  in  a  state  that  mandates 
such,  OR  (2)  is  a  graduate  of  an  accredited  educational  program  in  respiratory  care,  OR  [31 
holds  a  credential  issued  by  the  NBRC.  An  individual  who  is  an  AARC  Active  Member  in  good 
standing  on  December  8,  T994,  will  continue  as  such  provided  his/her  membership  remains  in 
good  standing. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 

Address . 

City 

State  


.Zip 


Phone  No. 


Medical  Director/Medical  Sponsor . 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  requirements  or 
Active  Member  shall  be  Associate  Members.  They  have  all  the  rights  and  benefits  of  the  Asso- 
ciation except  to  hold  office,  vote,  or  serve  as  chair  of  a  standing  committee.  The  following  sub- 
classes of  Associate  Membership  are  available:  Foreign,  Physician,  and  Industrial  (individuals 
whose  primary  occupation  is  directly  or  indirectly  devoted  to  the  manufacture,  sale,  or  distribu- 
tion of  respiratory  care  equipment  or  supplies).  Special  Members  ore  those  not  working  in  a 
respiratory  care-related  field. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment . 

Address 

City _ 

State 


.Zip 


Phone  No.  ( . 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for  Associate 
Membership  and  are  enrolled  in  an  educational  program  in  respiratory  care  accredited  by,  or 
in  the  process  of  seeking  accreditation  from,  an  AARC-recognized  agency. 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care  Education 
(CRCE)  transcripts.  Upon  completion  of  your  respiratory  care  education,  continuing  education 
credits  may  be  pursued  upon  your  reclassification  to  Active  or  Associate  Member. 

School/RC  Program 

Address 


City  _ 

State 


Zip 


Phone  No. 


Length  of  program 

□  1  year 

□  2  years 

Expected  Date  of  Graduation  (REQUIRED 
INFORMATION) 


□  4  years 

G  Other,  specify . 


Month 


Year 
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Demographic  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Cheek  the  Highest  Degree  Earned 

□  High  School 

□  RC  Graduate  Technician 
D  Associate  Degree 

□  Bachelor's  Degree 

□  Master's  Degree 

□  Doctorate  Degree 


Number  of  Years  in  Respiratory  Care 

a  0-2  years  □    11-15  Years 

□  3-5  years  □    16  years  or  more 

□  6-10  years 


Job  Status 

D  Full  Time 

D  Part  Time 

Credentials 

□  RRT 

D  LVN/LPN 

□  CRT 

D  CPFT 

□  Physician 

D  RPFT 

D  CRNA 

□  Perinatal/Pediatric 

a  rn 

Salary 

D  Less  than  $  1 0,000 

□  $10,001-$20,000 

□  $20,001-$30,000 

a  $30,001440,000 

a   $40,000  or  more 

PLEASE  SIGN 

I  hereby  apply  for  membership  in  the  American  Association  for  Respiratory  Care 
and  hove  enclosed  my  dues.  If  approved  for  membership  in  the  AARC,  I  will  abide 
by  its  bylaws  and  professional  code  of  ethics.  I  authorize  investigation  of  all  state- 
ments contained  herein  and  understand  that  misrepresentations  or  omissions  of 
facts  called  for  is  cause  for  rejection  or  expulsion. 

A  yearly  subscription  to  RESPIRATORY  CARE  journal  and  AARC  Times  magazine 
includes  an  allocation  of  $1  1 .50  from  my  dues  for  each  of  these  publications. 

NOTE:  Contributions  or  gihs  to  the  AARC  are  not  tax  deductible  as  charitable  con- 
tributions for  income  tax  purposes.  However,  they  may  be  tax  deductible  as  ordi- 
nary and  necessary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  activities.  The  AARC  estimates  that  the  nondeductible  portion 
of  your  dues  —  the  portion  which  is  allocable  to  lobbying  —  is  26%. 

Signature 

Date 


Membership  Fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are  for  12 
months.  (NOTE:  Renewal  fees  are  $75.00  Active,  Associate-Industrial  or  Associ- 
ate-Physician, or  Special  status;  $90.00  for  Associate-Foreign  status;  and 
$45.00  for  Student  status). 


□  Active 

□  Associate  (Industrial  or  Physician) 

□  Associate  (Foreign) 

□  Special 

□  Student 

TOTAL 


$  87.50 
$  87.50 
$102.50 
$  87.50 
$  45.00 


Specialty  Sections 

Established  to  recognize  the  specialty  areas  of  respiratory  care,  these  sections 
publish  a  bi-monthly  newsletter  that  focuses  on  issues  of  specific  concern  to  that 
specialty.  The  sections  also  design  the  specialty  programming  at  the  national 
AARC  meetings. 

□  Adult  Acute  Care  Section 

□  Education  Section 

□  Perinatal-Pediatric  Section 

□  Diagnostics  Section 

□  Continuing  Care- 
Rehabilitation  Section 

□  Management  Section 

□  Transport  Section 

□  Home  Care  Section 

□  Subacute  Care  Section 

TOTAL 

GRAND  TOTAL  =  Membership  Fee 
plus  optional  sections 


$15.00 

$20.00 

$15.00 

$15.00 

$15.00 

$20.00 

$15.00 

$15.00 

$15.00 

$ 

$ 

□  Total  Amount  Enclosed/Charged      $ 

□  Please  charge  my  dues  (see  below] 

To  charge  your  dues,  complete  the  following: 

□  MasterCard 
D  Visa 

Card  Number 


Card  Expires /_ 

Signature 


Mail  application  and  appropriate  fees  to: 
American  Association  for  Respiratory  Care  •  11030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  484-2720 


THE    FDA    MEDICAL    PRODUCTS    REPORTING    PROGRAM 


For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 

events  and  product  problems 


Form  Approved:  0M8  No.  0910-0291  Expires:  4/30/96 
See  0MB  statement  on  reverse 
FDA  Use  Only  (Resp  Care) 


Page 


B.  Adverse  event  or  product  problem 


J  Adverse  event 


^]  Product  problem  (e.g.,  defects/malfunctions) 


2    Outcomes  attributed  to  adverse  event      . — . 

(check  all  that  apply)  I I  disability 

^\  congenital  anomaly 

_J  required  intervention  to  prevent 
permanent  impairment/damage 


^]  death    

(mo/day/yr) 

J  life-threatening 

~^}  hospitalization  -  initial  or  prolonged       LJ  other: 


3  Date  of 
event 

■,mo  aay  yr) 


4.  Date  of 
this  report 


5    Describe  event  or  problem 


6.  Relevant  tests/laboratory  data,  including  dates 


7.  Other  relevant  history,  including  preexisting  medical  conditions  (e.g.,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc.) 


of 


Triage  unit 
sequence  * 


C.  Suspect  medication(s) 

1 .  Name  (give  labeled  strength  &  mfr/labeler,  if  known) 
#1 

#2 

2    Dose,  frequency  &  route  used 

#1 

3.  Therapy  dates  (if  unknown,  give  duration) 

Irom/to  (or  best  estimate) 
#1 

#2 

#2 

4    Diagnosis  for  use  (indication) 
#1 

5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  D"o  n^pyn'' 

#2  [>*  □  n°    Dapply"'' 

#2 

6.  Lot  #  (if  known) 

#1 

7.  Exp.  date  (if  known) 
#1 

8    Event  reappeared  after 
reintroduction 

#1  Qyes  □  no   DaW 
#2  Dyes  □  no    D^pPy"'' 

#2 

#2 

9.   NDC  #  (for  product  problems  only) 

1 0    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

D.  Suspect  medical  device 


1    Brand  name 

2    Type  of  device 

3    Manufacturer  name  &  address 

4    Operator  of  device 

3  health  professional 
J  lay  user/patient 
Q  other: 

5    Expiration  date 

(mo/day/yr) 

6. 
model  # 

catalog  » 

7.   If  implanted,  give  date 

(mo/day/yr) 

serial  # 

lot# 

8.    If  explanted,  give  date 

(mo/day/yr) 

other  # 

9    Device  available  for  evaluation?               (Do  not  send  tc 
]    yes                ~2  no            |_J  returned  to  manufacture 

FDA) 
ron 

(mo/day/yr) 

10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

E.    Reporter  (see  confidentiality  section  on  back) 


ir 

FDA  Form  3500  1/96) 


1      Name  &  address 

phone  # 

2    Health  professional? 

□  yes      □   no 

3     Occupation 

4    Also  reported  to 
manufacturer 
user  facility 
distributor 

5.     If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      Q 

Mail  to:    MEdWaTCH  or  FAX  to: 

5600  Fishers  Lane  1-800-FDA-0178 

Rockville,  MD  20852-9787 

Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1-800-FDA-7737 

•  1-800-FDA-1088 


1-800-822-7967 


to  FAX  report 

to  report  by  modem 

to  report  by  phone  or  for 

more  information 

for  a  VAERS  form 

for  vaccines 


If  your  report  involves  a  serious  adverse  event 
With  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.  Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.  However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to: 


DHHS  Reports  Clearance  Office 
Paperwork  Reduction  Project  (0910-0291) 
Hubert  H.  Humphrey  Building.  Room  531 -H 
200  Independence  Avenue,  S.W. 
Washington.  DC  20201 


An  agency  may  not  conduct  or  sponsor, 
and  a  person  is  not  required  to  respond  to. 
a  collection  of  information  unless  it  displays 
a  currently  valid  OMB  control  number." 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Health  Service  *  Food  and  Drug  Administration 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  $300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO/FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRA  TION 


EC^TCH 


M 

The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 


I . .  1 .  1 1 1 . . .  I . .  I . .  I .  I . . .  1 .  1 1 . 1  •  >  I . . .  1 1 , .  I .  I . . .  I . .  I .  M 


RE/PIRATORy  CARE 


Manuscript  Preparation  Guide 


Respiratory  Care  welcomes  original  manuscripts  related  to  the  sci- 
ence and  technology  of  respiratory  care  and  prepared  according  to  the 
following  instructions  and  the  Uniform  Requirements  for  Manuscripts 
Submitted  to  Biomedical  Journals  (available  at  http://www.acpon- 
line.org/journals/resource/unifreqr.htm).  Manuscripts  are  blinded  and 
reviewed  by  professionals  who  are  experts  in  their  fields.  Authors 
are  responsible  for  obtaining  written  permission  to  publish  previ- 
ously-published figures  and  tables  from  the  original  copyright  hold- 
er. Accepted  manuscripts  are  copyedited  for  clarity,  concision,  and 
consistency  with  RESPIRATORY  CARE  format.  Before  publication, 
authors  receive  page  proofs  for  minor  correction.  Published  papers 
are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  elsewhere 
without  permission.  Editorial  consultation  is  available  at  any  stage 
of  planning  or  writing  for  any  submission;  contact  the  Editorial  Office. 

Categories  of  Articles 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
Must  include  Title  Page,  Abstract,  Key  Words,  Background, 
Methods,  Results,  Discussion,  Conclusions,  and  References.  May 
also  include  Tables,  Figures  (if  so,  must  include  Figure  Legends), 
Acknowledgments,  and  Appendices. 


ing  physician  must  either  be  an  author  or  furnish  a  letter 
approving  the  manuscript.  Must  include:  Title  Page,  Abstract,  Intro- 
duction, Case  Summary,  Discussion,  and  References.  May  also 
include:  Tables,  Figures  (if  so,  must  include  Figure  Legends),  and 
Acknowledgments. 

Point-of-View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Must  include:  Title  Page,  Text, 
and  References.  May  also  include  Tables  and  Figures  (if  so,  must 
include  Figure  Legends). 

Drug  Capsule:  A  miniature  review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacokinet- 
ics, or  pharmacotherapy. 

Graphics  Corner:  A  brief  case  report  discussing  and  illustrating 
waveforms  for  monitoring  or  diagnosis.  Should  include  Questions, 
Answers,  and  Discussion  sections. 

Kittredge's  Corner:  A  brief  description  of  the  operation  of  respiratory 
care  equipment.  Should  include  information  from  manufacturers  and 
editorial  comments  and  suggestions. 


Review  Article:  A  comprehensive,  critical  review  of  the  literature 
and  state-of-the-art  summary  of  a  topic  that  has  been  the  subject  of 
at  least  40  published  research  articles.  Must  include:  Title  Page,  Out- 
line, Key  Words,  Introduction.  Review  of  the  Literature,  Summa- 
ry, and  References.  May  also  include:  Tables,  Figures  (if  so,  must 
include  Figure  Legends),  and  Acknowledgments. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles.  Same  structure  as  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  RESPIRATORY  Care  or  elsewhere.  Same 
structure  as  a  Review  Article. 


PFT  Corner:  A  brief,  instructive  case  report  including  pul- 
monary function  testing,  accompanied  by  a  review  of  the  relevant 
physiology  and  appropriate  references  to  the  literature. 

Test  Your  Radiologic  Skill:  A  brief,  instructive  case  report  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs. May  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  a  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release.  RESPIRATORY  CARE  does  not  accept  unso- 
licited book  reviews;  please  contact  the  Editor  if  you  have  a  sug- 
gestion for  a  book  review. 


Special  Article:  A  pertinent  paper  not  fitting  one  of  the  other  categories. 
Consult  with  the  Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  addressing  an  issue  in  the  practice  or  adminis- 
tration of  respiratory  care.  It  may  present  an  opposing  opinion,  clar- 
ify a  position,  or  bring  a  problem  into  focus. 

Letter:  A  brief,  signed  communication  responding  to  an  item  pub- 
lished in  Respiratory  Care  or  about  other  pertinent  topics.  Tables, 
Figures,  and  References  may  be  included.  The  letter  should  be  marked 
"For  Publication." 

Case  Report:  Report  of  an  uncommon  clinical  case  or  a  new  or 
improved  method  of  management  or  treatment.  A  case-manag- 


Preparing  the  Manuscript 

Print  on  one  side  of  white  8.5  xl  1  inch  paper,  with  margins  of  at 
least  1  inch  on  all  sides.  Double-space  the  text  and  number  the  pages. 
Do  not  include  author  names,  author  institutional  affiliations,  or  allu- 
sions to  institutional  affiliations  anywhere  except  on  the  title  page. 
On  the  Abstract  page  include  the  tide  but  do  not  include  author  names. 
Begin  each  of  the  following  on  a  new  page:  Title  Page,  Abstract, 
Text,  Acknowledgments,  References,  each  Table,  each  Figure,  and 
each  Appendix.  Use  standard  English  in  the  first  person  and  active 
voice.  Type  all  headings  in  initial-capital  letters  (eg.  Background, 
Methods,  Patients,  Equipment,  Statistical  Analysis,  Results,  Dis- 
cussion). Center  the  main  section  headings  and  place  second-level 
headings  on  the  left  margin. 
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Abstract.  Please  ensure  that  the  abstract  does  not  contain  any  facts 
or  conclusions  that  do  not  also  appear  in  the  body  text.  Limit  the 
abstract  to  no  more  than  400  words. 

Key  Words.  Research,  Review,  Overview,  and  Special  Articles 
require  Key  Words.  On  the  Abstract  or  Outline  page,  include  a  list 
of  6  to  10  key  words  or  two-word  phrases. 

References.  Assign  reference  numbers  in  the  order  that  articles  are 
cited  in  your  manuscript.  At  the  end  of  your  manuscript,  list  the  cited 
works  in  numerical  order.  Abbreviate  journal  names  as  in  Index  Medi- 
cus.  List  all  authors.  The  following  examples  show  RESPIRATORY 
Care's  style  for  references. 

Article  in  a  journal  carrying  pagination  throughout  the  volume: 

Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  meth- 
ods through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir 
Care  1992;37(1 1 ):  1233- 1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with  Page  1 : 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  1991;15(Mar):61,62,64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-dependent  patients  in  hospitals. 
Respir  Care  1988;33(1 1):  1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  information  sufficient  to  allow 
retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1986;  89(3  Suppl):139S-143S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided,  and  those 
more  than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990;35(1 1):  1087- 
1088. 

Editorial  in  a  journal: 

Enright  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev 
Respir  Dis  1993;148(2):274. 

Editorial  with  no  author  given: 

Negative-pressure  ventilation  for  chronic  obstructive  pul- 
monary disease  (editorial).  Lancet  1992;340(8833):  1440- 1441. 

Letter  in  journal: 

Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  1 99 1  ;99(4):  1 05 1 . 

Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group;  1977. 


Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pul- 
monary disease.  New  York:  Futura;  1990:76-85. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH, 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott; 

1977:26-42. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  communication  of  unpublished  data  not  yet  accepted  for 
publication:  You  must  obtain  written  permission  to  cite  unpublished 
data  received  via  personal  communication.  Do  not  number  such  ref- 
erences, but  instead  make  parenthetical  reference  in  the  body  text 
of  your  manuscript.  Example:  "Recently,  Jones  found  this  treatment 
effective  in  45  of  83  patients  (Jones  HI,  University  of  the  Cascades, 
1999,  personal  communication)." 

Tables.  Tables  should  be  consecutively  numbered.  Start  each  table 
on  a  separate  page.  Number  and  title  the  table  and  give  each  column 
a  brief  heading.  Place  explanations  in  footnotes,  including  all  non- 
standard abbreviations  and  symbols.  Key  the  footnotes  with  the  fol- 
lowing symbols,  superscripted,  in  the  table  body,  and  in  the  following 
order:*,  t,  J,  §,  II,  1,  **,  ft- Do  not  use  horizontal  or  vertical 
rules  or  borders.  Do  not  submit  tables  as  photographs,  reduced  in 
size,  or  on  oversize  paper. 

Figures  (illustrations).  Figures  include  graphs,  line  drawings,  pho- 
tographs, and  radiographs.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  figures  consecutively  as  Figure  1 ,  Figure  2, 
etc.  All  the  figures  must  be  mentioned  in  the  text.  Every  figure  should 
have  a  legend  (a  title  and/or  description  explaining  the  figure).  Fig- 
ure legends  should  appear  as  separate  paragraphs  at  the  end  of  the 
manuscript  (after  the  References  section),  in  the  same  computer  file 
as  the  manuscript  (not  in  a  separate  file,  as  with  the  tables  and  fig- 
ures). Do  not  create  scanned  versions  of  figures  borrowed  from  other 
publications;  clear  photocopies  are  preferable.  To  include  figures 
previously  published  in  other  publications,  you  must  obtain  permission 
from  the  original  copyright  holder  (see  below).  Figures  must  be  of 
professional  quality  and  a  copy  of  the  article  from  which  the  figure 
came  should  be  available.  If  color  is  essential  to  the  figure,  consult 
the  Editor  for  more  information.  In  reports  of  animal  experiments, 
use  schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  an  identifiable  person.  If  possible, 
submit  radiographs  as  prints  and  full-size  copies  of  film. 

Drugs.  Precisely  identify  all  drugs  and  chemicals  used,  giving  gener- 
ic names,  doses,  and  methods  of  administration.  Brand  names  may 
be  given  in  parentheses  after  generic  names. 

Commercial  Products.  In  the  text,  parenthetically  identify  com- 
mercial products  only  on  first  mention,  giving  the  manufacturer's 
name,  city,  and  state  or  country.  Example:  "We  performed  spirom- 
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etry  (1085  System,  Medical  Graphics,  Minneapolis,  Minnesota)." 
Provide  model  numbers  if  available,  and  manufacturer's  suggest- 
ed price,  if  the  study  has  cost  implications. 

Permissions:  You  must  obtain  written  permission  to  use  pictures 
of  identifiable  individuals  or  to  name  individuals  in  the  Acknowl- 
edgments section.  You  must  obtain  written  permission  from  the  orig- 
inal copyright  holder  to  use  figures  and  tables  from  other  publica- 
tions. Copies  of  all  applicable  permissions  must  be  on  file  at 
Respiratory  Care  before  a  manuscript  goes  to  press.  Copyright 
is  most  often  held  by  the  journal  or  book  in  which  the  figure  or  table 
originally  appeared  and  applies  to  the  creativity,  style,  and  form  in 
which  the  facts/data  are  presented  to  the  reader;  the  facts  themselves 
are  not  copyright-protectable.  Therefore,  if  you  were  asking  per- 
mission to  reproduce  a  table  or  figure  directly  from  a  journal  or  book, 
or  with  minor  adaptations,  permission  would  be  necessary.  How- 
ever, if  you  intend  to  extract  some  data  from  text  or  illustrations  and 
present  them  in  an  entirely  new  form,  permission  would  not  be  need- 
ed. Simply  cite  the  source  of  the  data  using  the  following  statement: 
"Figure  adapted  from  data  published  in  ..." 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical  stan- 
dards of  the  World  Medical  Association  Declaration  of  Helsinki  (see 
RespirCare  1997;42(6):635-636)orof  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  level  of  significance  in  the  Meth- 
ods section.  Report  actual  p  values  in  the  Results  section.  Cite  only 
textbook  and  published  article  references  to  support  choices  of  tests. 
As  with  commercial  products  (see  above),  parenthetically  identi- 
fy any  general-use  or  commercial  computer  programs  used. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated:  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  (Systeme  Internationale) 
units  (units  and  conversion  factors  listed  at  Respir  Care 
1997;42(6):640).  Show  gas  pressures  (including  blood  gas  tensions) 
in  millimeters  of  mercury  (mm  Hg). 


abbreviations.  Do  not  use  abbreviations  in  the  title,  in  section  head- 
ings, and  do  not  use  unusual  abbreviations  in  the  abstract.  Use  an  abbre- 
viation only  if  the  term  occurs  4  or  more  times  in  the  paper.  Define 
all  abbreviations  (ie,  write  out  the  full  term  on  first  mention,  followed 
by  the  abbreviation  in  parentheses)  and  thereafter  use  only  the  abbre- 
viation. Standard  units  of  measurement  and  scientific  terms  can  be 
abbreviated  without  explanation  (eg,  L/min,  mm  Hg,  pH,  O2). 
Please  use  the  following  forms:  cm  H20  (not  cmH20),  f  (not  bpm), 
L  (not  1),  L/min  (not  LPM,  l/min.  or  1pm),  mL  (not  ml),  mm  Hg 
(not  mmHg),  pH  (not  Ph  or  PH),  p  >  0.001  (not  p>0.001),  s  (not  sec), 
Spo2  (arterial  oxygen  saturation  measured  via  pulse-oximetry). 

Prior  and  Duplicate  Publication.  In  general,  do  not  submit  work 
that  has  been  published  or  accepted  elsewhere,  though  in  special 
instances  the  Editor  may  consider  such  material  if  the  original  pub- 
lisher grants  permission.  Please  consult  the  Editor  before  submit- 
ting such  work. 

Authorship.  All  persons  listed  as  authors  should  have  participat- 
ed in  the  reported  work  and  in  the  shaping  of  the  manuscript,  all  must 
have  proofread  the  submitted  manuscript,  and  all  should  be  able  to 
publicly  discuss  and  defend  the  paper's  content.  A  paper  of  corporate 
authorship  must  specify  the  key  persons  responsible  for  the  article. 
Attribution  of  authorship  is  not  based  solely  on  solicitation  of  fund- 
ing, collection  or  analysis  of  data,  provision  of  advice,  or  similar  ser- 
vices. Persons  who  provide  such  ancillary  services  may  be  recog- 
nized in  an  Acknowledgments  section. 

Reviewers:  Please  supply  the  names,  credentials,  affiliations,  address- 
es, and  phone/fax  numbers  of  3  professionals  whom  you  consider 
expert  on  the  topic  of  your  paper.  Your  manuscript  may  be  sent  to 
one  or  more  of  them  for  blind  peer  review. 

Submitting  the  Manuscript 

Submit  three  printed  copies  and  one  (3.5-inch)  computer  diskette. 
The  printed  copies  should  each  include  photocopies  of  all  of  the  Fig- 
ures, Tables,  and  Appendixes.  On  the  diskette,  the  manuscript  should 
be  in  one  file  and  the  tables  in  a  separate  file.  If  soft  copies  of  the  fig- 
ures are  available,  they  should  also  be  in  a  separate  file.  However, 
do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications; clear  photocopies  are  preferable.  Include  the  completed 
Cover  Letter  and  Checklist  (see  next  page)  and  permission  letters. 
Mail  to  Respiratory  Care,  600  Ninth  Avenue,  Suite  702,  Seat- 
tle WA  98 104.  Do  not  fax  manuscripts.  Receipt  will  be  acknowledged. 


Conflict  of  Interest.  On  the  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  with  a  manufacturer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Reviewers  are  screened  for  possible  conflict 
of  interest. 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols, listed  at  Respir  Care  1997;42(6):637-642.  Do  not  create  new 
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Editorial  Office: 

600  Ninth  Avenue,  Suite  702 
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(206)  223-0558  (voice) 

(206)  223-0563  (fax) 

rcjournal  @  aarc.org 

rcjkk@oz.net 
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A  copy  of  this  completed  form  must  accompany  all  manuscripts  submitted  for  publication. 


Title  of  Paper: 


Publication  Category:  _ 
Corresponding  Author: 
Mailing  Address: 


Reprints:      Q  Yes     □  No 


Phone: 


FAX: 


E-mail  Address:. 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  its  sub- 
mission for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 


"First  Author:. 


'Second  Author: 


*Third  Author: 


Author  Signature/Date, 


Author  Signature/Date_ 


Author  Signature/Date. 


'Fourth  Author: 


Author  Signature/Date. 


Has  this  research  been  presented  in  any  public  forum?       □  Yes    □  No 
If  yes,  where,  when  and  by  whom? 


Has  this  research  received  any  awards?         □  Yes    □  No 
If  yes,  please  describe. 


Has  this  research  received  any  grants  or  other  support,  financial  or  material?      □  Yes    □  No 
If  yes,  please  describe. 


Do  any  of  the  authors  of  this  manuscript  have  a  financial  interest  in  (or  a  commercial  or  consulting  relationship  to)  any  of  the 
products  or  manufacturers  mentioned  in  this  paper  or  any  competing  products  or  manufacturers?        □  Yes    □  No 

If  yes,  please  describe. 

□  Have  you  enclosed  a  copy  of  the  manuscript  on  diskette? 

□  Is  double-spacing  used  throughout  entire  manuscript? 

□  Are  all  pages  numbered  in  upper-right  corners? 

□  Are  all  references,  figures,  and  tables  cited  in  the  text? 

□  Has  the  accuracy  of  the  references  been  checked,  and  are  they  correctly  formatted? 

□  Have  SI  values  been  provided? 

□  Has  all  arithmetic  been  checked? 

□  Have  generic  names  of  drugs  been  provided? 

□  Have  necessary  written  permissions  been  provided? 

□  Have  authors'  names  been  omitted  from  text  and  figure  labels? 

□  Have  copies  of  'in  press'  references  been  provided? 

□  Has  the  manuscript  been  proofread  by  all  the  authors? 

□  Have  the  manufacturers  and  their  locations  been  provided  for  all  devices  and  equipment  used? 
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Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs, 

and  the  like  will  be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days 

before  the  desired  month  of  publication  (January  1  for  the  March  issue,  February  I  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 
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Pediatric  Ventilation:  Kids  Are  Different — 

Mark  Heulitt  MD;  Host,  Richard  Branson  RRT— 
Video  July  25;  Audio  August  15 

What  Matters  in  Respiratory  Monitoring: 
What  Goes  and  What  Stays— Dean  Hess  PhD 
RRT  FAARC;  Host,  Richard  Branson  RRT— 
Video  August  22;  Audio  September  26 

Managing  Asthma:  An  Update — Patti  Joyner 
RRT  CCM;  Host,  Mari  Jones  MSN  RN  RRT— 
Video  September  19;  Audio  October  17 

Routine  Pulmonary  Function  Testing:  Doing  It 
Right— Carl  D  Mottram  RRT  RPFT;  Host,  David 
Pierson  MD — Video  November  7;  Audio 
December  5 


Respiratory  Care  Journal 
has  been  selected  by  the  Litera- 
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Committee  of  the  National 
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and  throughout  the  world.  All 

articles  in  the  Journal 

beginning  with  the  January 
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Helpful  Websites 

American  Association  for  Respiratory  Care 

http://www.aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

RESPIRATORY  Care  online 

http://www.rcjournal.com 

—  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

—  OPEN  FORUM;  submit  your  abstract  online 

Asthma  Management 
Model  System 

http://www.nhlbi.nih.gov 

Keys  to  Professional  Excellence 

http://www.aarc.org/keys/ 


The  National  Board  for  Respiratory  Care — 
Examination  Dates  and  Fees  for  2000 


Examination  Fees 

$190  (new  applicant) 
$150  (reapplicant) 

$250  (new  applicant) 
$220  (reapplicant) 

$200  (new  applicant) 
$170  (reapplicant) 

$250  (new  applicant) 
$170  (reapplicant) 

$190  (new  -  written  only) 

$200  (new  -  CSE  only) 

$390  (new  -  both) 

For  information  about  other  services  or  fees,  write  to 

the  National  Board  for  Respiratory  Care, 

8310  Nieman  Road,  Lenexa  KS  66214,  or  call 

(913)  599-4200,  FAX  (913)  541-0156, 

ore-mail:  nbrc-info@nbrc.org 
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diaphragmatically  through  the  mouthpiece  or  mask. 
No  equipment  to  roll  around.  No  labor-intensive 
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EZ-PAP  features  a  pressure  port  for  connection  to  a  gauge  (recommended 
for  initial  use  with  each  patient),  and  standard  22-mm  OD  fitting  to 
accommodate  a  mouthpiece  or  3  mask  options.  For  more  information, 
call  DHD  Healthcare  toll-free  today:  1-800-847-8000. 
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